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abdcfe2ghJikj^lme9ndoqpsrtlvuNwgfr'uyxzrtlve2lq{|p}r|lmuyw
~ g{,z{,r|ceJg{uye2xdomgzg{
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{,g ~_§ ndwHe2u ~ ¥fomg!xdb^z{|lm¨Bndg ~ goqpxdbpN{,g ~_§ p}e2uNt©p}yg
~ goqp ~ ¥r|uNwpsrtlvuNw ~_§ ndwPgzxdomuN{|l«ªomlq¨Nnl ~ gN¬­Rgxdtuydomcfe2g ~ lvtgrJtgfx?uN{|gg{t{,gwNrtlvgovomgfe2gwNr.{|nd(o § ¥¨BnpsrtlvuNw ~ nPr|p}w{ª®g,r
p ~ lqpsrtl«ª¨Bndl!gfzxd|lme2gUomgUdlmompyw¯¥wdgfty¥fr|lq¨BndgYgfwBr|tgYomg{Hxbd¥fwduNe2cfwdg{ ~_§ ¥fe2lm{t{|lvuNw¯gfr ~_§ p}{,uN|xzrtlvuNw ~ n0tp=Nuywdwdge2gfwBr¬
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,rtlvgUxp}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,rp}nz ~ lq{rt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|g
gfr ~ gu^g³HlmgfwBr ~R§ py{,uN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|e2lmwdg ~ g{lmw ~ lqfp}r|gndt{9xg|e2gfr,rtpywBr ~ gHNndl ~ gf(ovgbduylv ~ g{
xpytpye2cr|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t{|lmuyw9fuyw{|lm{,r|gµ!e2gr|r|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tgWndwJp}omyuN|lvr|bde2g ~ g¤e2lmwdlmeJlq{tpsr|lmuyw7¶omg{ ~ ¥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p ~ uylmwNr¬s­7p!x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o § p}wpyovz{|g ~ g¨Bnpsrt|g
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º¼»½f¾t¿NÀ¸^U¢²lmwBNgf{,lmuyw7¶e2uylmw ~ 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t¥{¶pywp}omz{,g ~ g({|gfw{|lmdlvomlvr|¥y¶ ~ ¥uNeJx?uN{|lvr|lmuywUgw4sp}omgfnd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|lq{|p}r|lmuywR¶^rttpyw{,ª®gf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tg{|x?g6rWr|urtbdg!rtgfe2x?gfpsr|n|gpyw ~ rtbdggfBrtlvw6r|lmuywu^g³HlmgfwBr ~ lm{,r|tlvnzr|lmuyw{ ~ grtgfte2lvwdg{
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'bdg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pywp}omz{,lq{u}ªª®uynd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r|bdg ~ gr|uNwpsrtlvuNwuyªrtbdgwdlvr|tuye2grtbp}wdgN¬
&('*)D¾,+(»-.y¢ lmw^yg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tg{¶!{,gw{|l«rtlv^lvr[p}wpyovz{|lm{¶¦{|lvwyndoqp}sp}omndg ~ guNe2xuB{,lvr|lmuywR¶¦xp}p}e2gfr|gftlq{|p}r|lmuywR¶
p ~ lqpsrtlvNgrt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Ly !¥{|ndo«rpsr{ ~_§ lmw^ygt{|lvuNw ~ g{'e2g{|ndtg{gdpyr|g{ ~ p}w{omgfpN{'z¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬  M
Ly !¥{|ndo«rpsr{ ~_§ lmw^ygt{|lvuNw ~ g{'e2g{|ndtg{e2u ~ ¥fomlm{|¥fg{ ~ p}w{omgfpN{!z¬z¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬ y
N !¥{|ndo«rpsr{ ~_§ lmw^ygt{|lvuNw ~ g{'e2g{|ndtg{gdpyr|g{ ~ p}w{omgfpN{=d¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬ d
 !¥{|ndo«rpsr{ ~_§ lmw^ygt{|lvuNw ~ g{'e2g{|ndtg{e2u ~ ¥fomlm{|¥fg{ ~ p}w{omgfpN{U=d¬z¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬ N
B !¥{|ndo«rpsr{ ~_§ lmw^ygt{|lvuNw ~ g{'e2g{|ndtg{gdpyr|g{ ~ p}w{omgfpN{h¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬ !=
= !¥{|ndo«rpsr{ ~_§ lmw^ygt{|lvuNw ~ g{'e2g{|ndtg{e2u ~ ¥fomlm{|¥fg{ ~ p}w{omgfpN{h¬z¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬ L
´R5' ?>f'%H-
 £pytpN6rt¥ftlm{,r|lq¨Bndg{ ~ g{ ~ ¥rtg6rtgfnd{ ~ n ~ lq{,x?uN{|lvr|lvª ~ ge2g{|ndtgy¬ ¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬ 
 ap}ovg ~ gfuBgf³HlmgfwBrt{ ~_§ p}{,uN|xzrtlvuNw±e2uywu^b|uNe2p}r|lq¨Bndgy¬U¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬ 
= [¦¥ftl6Y?fpsrtlvuNw ~ g{ ~ ¥|lmy¥g{¬R¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬ hB
h £¤uNe2xuB{|pywNrtg{ ~ g{xuNlvwBrt{!lvwdlvr|lqp}nd±gr!tgbdgtb¥ ~ pyw{omgfpy{N¬¼¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬ h=
L £¤uNe2xuB{|pywNrtg{ ~ g{xuNlvwBrt{!lvwdlvr|lqp}nd±gr!tgbdgtb¥ ~ pyw{omgfpy{!d¬¼¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬ hyh
 £¤uNe2xuB{|pywNrtg{ ~ g{xuNlvwBrt{!lvwdlvr|lqp}nd±gr!tgbdgtb¥ ~ pyw{omgfpy{U=¬¼¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬ hyh
M £¤uNe2xuB{|pywNrtg{ ~ g{xuNlvwBrt{!lvwdlvr|lqp}nd±gr!tgbdgtb¥ ~ pyw{omgfpy{h¬¼¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬ hyh
 £¤uNe2xzr|g{|gw ~ n{ ~_§ lmwBNgf{,lmuyw ~ p}w{ovgpy{y¬¯¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬ y
 £¤uNe2xzr|g{|gw ~ n{ ~_§ lmwBNgf{,lmuyw ~ p}w{ovgpy{!z¬¯¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬ y
 £¤uNe2xzr|g{|gw ~ n{ ~_§ lmwBNgf{,lmuyw ~ p}w{ovgpy{U=d¬¯¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬ y
N £¤uNe2xzr|g{|gw ~ n{ ~_§ lmwBNgf{,lmuyw ~ g{!eJg{,n|g{¤gfdpy6rtg{ ~ pyw{omgfpy{h¬d¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬ !=
= £¤uNe2xzr|g{|gw ~ n{ ~_§ lmwBNgf{,lmuyw ~ g{!eJg{,n|g{¤e2u ~ ¥ovlq{,¥g{ ~ pyw{omgfpy{h¬
¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬ }h
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­7ge2pytb¥xuN,rtg{,nd¦omp2t¥pyovlq{tpsr|lmuyw ~ nYomuyNlmflvgo
	®x?uynd%åw^Ngf{,lmuyw ~ gtu%Yom{ ~ g
	z¥fpsr|n|g¥f|lvr!gfw
#xg|e2gfr,rtpywBroqp ~ ¥fr|g|e2lmwpsrtlvuNw ~ gJxd|u!Yoq{ ~ g(r|ge2x¥tp}r|ndtg(µxp}|r|lm ~ g9e2g{|ndtg{ ~ gJovnde2lmwp}wg{pynUe2usygfw
~_§ ndwdgr|gbdwdlq¨Nng ~ g!t¥{|uyomnzr|lmuyw ~ g¦o § ¥¨Bnp}r|lmuyw ~ n2r|p}w{ª®g,rp ~ lqpsrtl«ªRpyxdxdomlm¨Bnd¥gµomp ~ ¥rtuywp}r|lmuywR¶}xp}e2¥rtbdu ~ glmw^ygt{|gy¬
 !"#$&%('%)+*,$.-/10*,235467#
'N § p}xdtc{omg(£p}blvg ~ g{'fompyn{,g{r|gbdwdlq¨Nng{xpy,rtlmfndovlmcftg{w98yydf¹áByyd ~ goqp2uNw{,no«rpsr|lmuyww98fdf¹á } ;:"  ¬<
£¤gfr,r|g¤¥rtn ~ g{ § lvw{|f|lvr ~ pyw{7nwxdtuyyp}e2e2g ~_§ p}e2¥fomlmuypsr|lmuywgfr ~ g¤sp}oml ~ p}r|lmuyw ~ g{eJu ~ covg{ ~ g ~ ¥fr|uywpsr|lmuyw ~ n2£¤gfwBrt|g
~_§ 
rtn ~ g{ ~ g=p}e.p}r>L£¤&=
¬­ § uydg6rtl«ª ~ g{'rttp=sp}nd±e2gfwd¥{{|nd!omgwdl«rt|uNe2¥r|bp}wdg?F#F@'g{,r ~_§ ¥foqp}?uytgf'ndwYe2u ~ cfomg
~ g(ompHxdbpy{|g ~_§ p}e2uy©fpyygp}xxgov¥gr|p}w{|lvr|lmuywUbduz6¹ ~ ¥fr|uywpsr|lmuywµ.xpy,rtlv ~ g{¦xdtu%Yoq{ ~ grtgfe2x?¥fpsr|n|g ~ g{!x|u ~ ndlvrt{ ~ g
t¥pN6r|lmuyw ~ n& F {|uynde2lq{µ±bduz}¬7£¤g{rttp=spynzU{,uNwNrpy{|¥{{|ndo § p}wpyovz{|g({|xg6rttpyovg ~ n& F gwNrt|g2d¶ =LHgr5LBA_e xp}
{|xg6rt|uB{|fuyxdlmg ~_§ ¥fe2lm{t{|lvuNwR¬­7g{ ~ lm{|xuB{,lvr|lvª¸{¦gzx¥|lme2gfwBrtpynzBlq{|lvdomggfr¦lmwzª®tpy|uNndygx?gfte2gr|r|gfwBr ~_§ uNzr|gwdlm ~ g{!e2g{|ndtg{
~ gJomnde2lvwpywgJgfw#ª®uyw6r|lmuyw ~ n4rtgfe2x{C®t¥{|uyomnzrtlvuNw ~ gHw{D¦gr ~ gJompomuywdNndgfnd ~_§ uyw ~ gE®t¥{|uyomnzrtlvuNw#{|xg6r|p}omg(pyovoqp}wBr
~ g5=N2µ2(wdeB{|nd'ndwoqp}tyg ~ uye.p}lmwdg{|xg6r|p}oL¬
FXC¸GjW»?GC¸½GCHG'I jW*C¸  'cBD½ dÀ
Projectile Plaque de
transfert
Fenêtre
en LiF
Chambre en
polyéthylène
de NM
Tête
optique
Fibre
optique
Taille de la cellule de NM : e=15 à 25 mm ; f=80mm
Fente
d’entrée
Réseau
(dispersion)
Miroirs de renvoi
Barrette de
détecteurs et
amplificateurs
Vers système
d’acquisition
(oscilloscopes)
Spectrographe
Cible
Dispositif de maintien à
température constante
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­7g.xd|lmwflvx?g ~ g{g{t{tp}lq{ ~ g ~ ¥fr|uywpsr|lmuyw fuyw{|lm{,r|gHµlmw ~ nlvtgHndwdg.uNw ~ g ~ gHbduz.xdoqp}wdgH{|uynzrtgfw^ndg ~ pyw{omg±#Fxp}
lme2xpyr(xdoqp}w ~_§ ndw¡x|uyg6rtlvomgH{|nd9ndwggovomndomg±uNwBr|gfwp}wBro § gzxdomuN{|lvª
XWlvNnd|g4Y6¬$­Rg{ ~ lme2gfw{|lmuyw{ ~ n ~ lq{,x?uN{|l«rtl«ª{|uywBr
rtgfomovg{¦¨Bndg(ovg{xdb¥fwduNeJcwdg{uy{|gfty¥{!{|g ~ ¥|uNndovgwBr¦{,govuNwYndw4¥uNndovge2gfwBrxdoqp}w4{|uyndr|gfw^nR¶wduyw4xg,rtnd|?¥9xp}omg{¦g[ZDgr{
~ g?uy ~ ¬
fw.ompywgndµxuNn ~ tg'xdtuyxdndoq{|gomg!xdtu}g6rtlvomg'µndwdg!^lvr|g{t{|gx?uyn=pywBr¤psr|r|gflmw ~ tgshBy¦e s{¬y­7p^lvr|g{t{|g ~ n.xd|uygr|lmovg
gfroqp.xdoqp}wd¥l«rt¥9g{reJg{,n|¥govuNt{ ~ g(bpy¨Bndgrtlvµ.o § pyl ~ g ~_§ p}lmyndlmovomg{ ~ g(b|uNwduye2¥rt|lmgPYdz¥fg{¦{|nd¦ompHflvovgN¬D­7g^l ~ g9g{,r
t¥pyovlq{,¥gwNrt|gomgxd|uygr|lmovggr!oqp2lmdomgxuNnd'¥f^lvr|gf'oqp(ª®uyte.psr|lmuyw ~_§ ndwYuNn{|{|lmw ~_§ p}lm!µJo § lmeJxpy6r¬
­7gW#F g{rfuyw(Ywd¥ ~ p}w{Rndwdg¤bp}e(d|g
gwxuNovN¥rtbB^omcfwdg$ª®g|e2¥g
xp}ndwdgxdoqpy¨Bndg ~ g
r|p}w{,ª®gf|rRgfwfndlmBtgy¬­ § ¥fxpylm{t{|gfnd
~ go § gzxdomuN{|l«ª$g{,ruNeJx|lq{,ggfwBrt|g.3L9gfr¦!L(e2e¬]\ o § p}ndr|tgg^r|t¥fe2lvr|¥ ~ goqp.gfomomndovgg{rfuyomov¥gndwdgª®gfw]^r|tggfw_nduN|n|g
~ goml«rtbdlmnde`F­RlaWb¶ze.psr|¥|lqp}n¨Bndl_pJfuye2e2g¦lmwBr|¥c^frxdtlmwlmxp}o ~R§ ^fr|tgrttpyw{,xp}tgfwBr{|ndndwyp}w ~~ uye.p}lmwdg ~ govuNwdyndgnd
~_§ uyw ~ ggr ~ gt¥{|lm{,r|g!µ ~ g{'{|uyomovlqlvrtp}r|lmuyw{¥ovgy¥g{gfwxdtg{t{,lmuyw7¬
	
Á	òÛ
 
	 !"	#$%'&($)*+,-!.%)%'%0/ &(12,3
 4567&(
895*'%	:<;$ M
­7g.tp=Nuywdwdge2gfwBr¦¥eJlq{xpyomp ~ ¥r|uNwpsrtlvuNw#g{r9fuyomovg6rt¥Jxp}ndwdg2rD^rtg.uyxzrtlm¨Bndg.gfrr|p}w{|e2lm{pyn&{|z{rtcfe2g ~ g.{,x?g¹
rt|uB{|fuyxdlmgxp}UYd|guNxzr|lq¨Bndgy¬?­7p ~ lq{|xgt{|lvuNw ~ nª¸p}lq{|fgp}nomnde2lvwgfnz{,gª¸pyl«r!N Ngµ2ndwU{|xg6rt|uNeJcfr|tgµ2|¥{,gp}nR¬$N¦gfnd
py|tgr|r|g{ ~ g ~ ¥rtg6rtgfnd{!{|uywBr'nzr|lmomlm{|¥fg{'{,govuNwomg ~ uye.pylvwdg{|xg6rttpyo_¥r|n ~ lv¥
P0ndwxdbduyr|uye(ndovr|lmxdovlqfp}r|gnd'e9ndovr|lqp}wu ~ g{
= L} P^yNwdeBx?uynd'o § ¥r|n ~ g ~ n ~ uye.pylvwdg^lq{,lmdomgy¶
P0ndwdgpy|tgr|r|g ~ g5=N ~ ¥fr|g6r|gnd{ :!^£ ~ wagCFd¶ P$L A_eBx?uynd'omg ~ uye.pylvwdglmwzª®p}tuyndNgy¬
FB½»)B z½DC¸»)B
­7g{¦xdbd¥fwuye2cfwdg{¦¨Bndl$uNw ~ ndlq{|gfwBrµ±ompHª®uyte2p}r|lmuyw ~ g(omp ~ ¥rtuywp}r|lmuyw XWlvNnd|g2 !xgndygwNr{ § gzxdomlq¨Nngf ~ g(oqp.ª¸pN©uyw
{|ndlm=pywBr|g
P[p}xdtc{Hlve2xpN6r¶ndw[bduzLjH{|gUxdtuyxp}yg ~ p}w{±o § gzxdomuN{|l«ª¤o § gzxdomuN{|l«ªg{r±e2lq{±gw0e2uyndNgfe2gfwBr±gfrpsr|r|glvwBr ~ g{
xdtg{t{,lmuyw{ ~ go § uy ~ |g ~ g.y Bp}gr ~ g{r|ge2x¥tp}r|ndtg{ ~ go § uN ~ |g ~ g.Ny
	2¶
P0ndwdg¦gzxdomuN{|lvuNw2r|bdg|e2lq¨Nng¦pomlvgn ~ pyw{oqpt¥fNlvuNwH{,uNnde2lm{|g!omgxdomn{¤ovuNwd}rtgfe2x{¤µo § ¥ov¥=p}r|lmuyw ~ g!r|ge2x¥tp}r|ndtgygovomg
uNw{,lq{,r|ggfw ~ g{!|¥py6rtlvuNw{bdlmeJlq¨Bndg{ ~ n F ¶
P0lvoR{|g¦ª®uyteJgpyovuNt{¤ndwdg ~ ¥fr|uywpsr|lmuyw ~ p}w{ovge2lvomlmgfnuye2xdtlmeJ¥xpyomgbduzlmwdlvr|lqp}oR¨Bndgo § uNwpyxdxgovomg{,ndx?gf ~ ¥fr|uywps¹
r|lmuyw Fj$N ¶
P0omp{|ndx?gf ~ ¥rtuywp}r|lmuyw({|gxd|uNxp}Ng¤gfr
tp}r,r|p}x?govg'bduzlvwl«rtlmpyosuyw(uy{|gftygoqp!ª®uN|e.psrtlvuNw ~_§ ndwdg'uNw ~ g ~ g ~ ¥fr|uywpsr|lmuyw
ª®uy|r|gxdndlq{!{,rtp}r|lmuywdwpylvtg¨NnlRspJ{|gxdtuyxpyygf ~ pyw{omg F ¬
­7g{^l«rtg{t{,g{ ~ go § lvwBr|g,ª¸pNgxdoqpy¨Bndg sgzxdomuN{|l«ª¶ ~ nbduzgr ~ gomp ~ ¥fr|uywpsr|lmuyw{rp}domg{,uNwBrfuywdw^ndg{f¬^wg[ZDgr¶
omg{p}lmyndlmomovg{ ~ g2bdtuywduNeJ¥fr|tlvg ~ lm{|xuB{,¥g{ ~ p}w{¦oqp±lmdomg ~_§ gzxdomuN{|lvªxg|e2gr|r|gwNr ~_§ p=yuNlvfg{¦lvwdª®uyte2p}r|lmuyw{¬­7uy{|¨Bndg9omp
~ ¥fr|uNwpsrtlvuNw ~ g^lvgwNr{,rtpydomgy¶zoqp9rtgfe2x?¥fpsr|n|gg{,ruNw{,rtp}wBrtgy¶ ~_§ p}xdtc{omg{'e2u ~ covg{ ~ g ~ ¥rtuywp}r|lmuywoqpy{t{,lq¨Bndgy¬
­7g ~ lq{,x?uN{|l«rtl«ª ~ g{,x?gr|tuN{tuNxdlvg2x?gfte2gr ~ ge2g{|nd|go § lmwBr|gfw{,lvr|¥Homnde2lmwdgfn{|gH¥eJlq{|gHxp}(ovg{,z{,r|cfe2g ~ ndtpywBrr|uyndr|g
oqp ~ nd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t{ ~ gfuBgf³HlmgfwBr ~R§ py{,uN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tg{t{,lmuyw gfr(rtgfe2x?¥fps¹
rtnd|gYpye9dlqp}wBr|g ~ uNwwduyw ~ ¥fuye2x?uN{|¥Y(gr.o § ¥frtpsr  ®gw¯py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P[µ  ! CAR{¶zovgª®tuywBr!{|g¦rt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|wdlmg{xp}'omg£¤ = 
P[µ  ! CAR{¶zovgbu^{|gr|tuyndNggw  ! ¼Je2e¶
P0ompJ^lvr|g{t{|g ~ go § lvwBrtgf|ª¸pygxdoqpy¨Bndg=gf^xovuB{,lvª7g{,r  3M^3Le }{f¶
P[µ    N¶ hCAR{¶do § uyw ~ g ~ g{,nxg ~ ¥fr|uNwpsrtlvuNw±g{,r'ª®uyte2¥fgN¶zovgbduz{|g¦rt|uNndyg ~ uNwgfw    z¶ hJe2e¶
P0omp(rtgfe2x¥tp}r|ndtg ~ nY#F5p}ntgfx?uN{g{,r  ! ¼}N 	2¶
P0omp(rtgfe2x¥tp}r|ndtg ~ gfttlvc|govgª®tuywBr ~ gbduzg{,r  	 Ny
	2¶
P0omp(rtgfe2x¥tp}r|ndtgn{,r|gp}x|c{ovgª®tuywBr ~ g{,nxg ~ ¥fr|uNwpsrtlvuNwg{r  #"
hNLy 	2¶
P0omp(rtgfe2x¥tp}r|ndtgp}xdtc{oqp ~ ¥rtgfwBr|gg{r   8';  =yhNN 	2¶
P0ompJ^lvr|g{t{|g ~ nbu^g{r*  hcL}N9e s{¶
P0ompJ^lvr|g{t{|g ~ gomp2{|ndxg ~ ¥r|uNwpsrtlvuNwg{r  #" ¼yNy(e }{f¶
P0ovg{ovneJlmwpywg{!{,uNwBre2g{,ndt¥fg{¤r|uyn{ovg{   L}(w{$n{t¨Bn § µ  / ¼z¶ L>AR{¬
­7g{_lmwuNwdw^ndg{7xuNndRo § lmw^ygt{|lvuNw{,uNwNrRoqprtgfe2x¥tp}r|ndtg ~ g{_ª®tuywBrt{  gr #"¶foqp'^l«rtg{t{,g ~ gomp{,ndx?gf ~ ¥fr|uywpsr|lmuyw #"¶
oqpJr|geJx?¥fpsrtndtg{,uNnzr|gwBngp}xdtc{oqp ~ ¥rtgfwBr|g    8; ¶ovg{ª®uyte2g{ ~ goqp2e2uywBr|¥g ~ goqp.{,ndx?gf ~ ¥fr|uywpsr|lmuywgr ~ gomp ~ ¥r|gwBr|ggfr!omp(rtpydomg ~ gu^g³HflvgwNr{ ~_§ p}{|uytxzr|lmuywxuNnd'omg{xdtu ~ ndlvrt{ ~ g ~ ¥r|uNwpsrtlvuNwR¬
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­pe2¥r|bu ~ uyomuyylmg'xdtuyx?uN{|¥fg{ § lvw{ttlvr ~ p}w{ndw±p ~ tg'y¥wd¥fp}o ~_§ ¥r|n ~ g ~ gxd|uNdomcfe2g{Wlvw^ygt{|g{W¨Nnltgfx?uN{|g!xdtlvwflvxps¹
omgfe2gfwBr!{|ndovgbduylv ~_§ ndwdgxp}p}e2¥fr|tlm{tpsrtlvuNw ~ nx|uNdovce2gy¶Bovndlv¹áe ^e2gNndl ~ ¥¦xp}o § p}wpyovz{|g ~ g{|gfw{|lmdlvomlvr|¥ ~ g{e2g{|ndtg{
µ lmw^ygt{|gf¬ FUp}lq{.o § pN{,x?gr±uytlmylmwp}o ~ gUomp´xp}p}e2¥rt|lq{|p}r|lmuyw¯xdtuyx?uN{|¥fgYxpyHo § åwdtlmp´g{rovgYª®tndlvr ~ g ~ gfnz tgfe.p}¨Bndg{
g{|{|gfwBr|lmgfomomg{xdtuyxdtg{pynxdt¥{|gfwBr'xdtuydomcfe2gN¬
i  . ' ? B*dÀ
­7g{ ~ lv³Hndovr|¥{ ~ nxdtuydomcfe2g{,uNwBr¶ ~ nx?uylmwNr ~ g^ndg ~ go § lvw^ygt{|lmuyw 
P. '^À¸À '^ F_ $BD½DC®½(. 9CB GL» s  z½DC¸»)BUomg{e2g{|ndtg{ ~ govnde2lmwp}wguNwNrtlvgwdwdgwNr|¹Lgovomg{{|ndovg{xd|u!Yoq{ ~ g¦rtgfe2x?¥fps¹
r|ndtg% -    1¤gr{|nd!gnz ~ gfu^g³HlmgfwBr ~_§ p}{|uytxzrtlvuNw±e2uywduzbdtuye.p}r|lq¨Nng +.-    1
P. '^À¸À 'Xj d ¡B½CF z½DC¸»)B ~ g  gfr + bduNlm{|lv'x?uyn'o § lvw^Ngf{,lmuyw	
P fwdg!xpytpye2¥r|tlq{|p}r|lmuyw(r|tuyx.tlmbdg'x?gfte2gr|r|pndwdg¦lvwBr|g|x|¥frtpsrtlvuNw2xdb^^{|lq¨Nng ~ g{W|¥{,ndovrtp}rt{ ~_§ lmw^ygt{|lvuNwR¶}e.p}lq{
tlq{|¨Bndgtp ~ gJe2gwdgfµndw4xdtuyovceJg ~_§ lvw^Ngf{,lmuyw4{|uyn{¹ ~ ¥rtgfte2lvwd¥N¶ ~ uyw(xuB{|{|¥ ~ p}wBrxovn{|lmgfnd{¦{|uyomnzrtlvuNw{gr
lmw^nzr|lmomlm{tp}domgxuNnd'o § lmwBr|gftxdt¥rpsr|lmuywxdb^z{,lq¨Bndg

P fwdg'xpytpyeJ¥fr|tlm{tpsrtlvuNw(p=NgWr|tuyx2xgn ~ g'xp}p}e2cfr|tg{ ~ uywwdgfp ~ g{
xp}p}e2crt|g{g{rtlve2¥{
ndwdlq¨Bndg{
gfrW{rp}domg{¶
e.pylm{rt|uNxNovuNp}nzHx?uyn'xg|e2gr|r|tgndwdglmwNrtgftxdt¥rtp}r|lmuywxdb^z{,lq¨Bndg ~ ¥rp}lmovom¥fgN¬
$uyn
|¥xuNw ~ tgµfg{¨Bndg{rtlvuNw{f¶soqpe2¥r|bu ~ uyomuyylmg'¨Bndg'wduyn{$xd|uNxuB{,uNw{e2gro § pNfgwBr¶ ~ pyw{{tp¦x|geJlmcftg¥rp}x?gy¶y{|nd
o § pywp}omz{,g ~ g!{|gfw{,lmdlmovlvr|¥!gfromp ~ ¥r|g|e2lmwpsrtlvuNw ~R§ lmw ~ lqfp}r|gfnt{
x?gfte2gr|rtp}wBr ~ g'Nndl ~ gf
omg!bduylv ~ g{
xpytpye2cr|tg{$µg{,r|lme2gf¬
£¤gHw § g{r(¨Bndg ~ p}w{ndwdg ~ gnzzlvce2gH¥rp}x?g±¨Bndg.ompUxp}p}e2¥rt|lq{tpsr|lmuyw ~ ¥Ywdl«rtlvNgHg{,r(bduNlm{|lmgy¶Rgw g{t{|p=Bp}wBr ~ g±uNwlmovlmgf¶
{|l § g{r¦xuB{|{|lvovgN¶omg9x?u}r|gwBr|lmgfo ~R§ lmwBr|gftxdt¥rpsr|lmuywYxbBz{|lm¨Bndg ~ goqp.xp}p}e2¥fr|tlm{tpsrtlvuNwp=Ngomg{¦uywBrttpylvwBr|g{ ~ g ~ lve2gfw{,lmuyw
~ ng{µHoqp.wpsrtndtg ~ g{!e2g{|ndtg{!gfr ~ n#e2u ~ cfomgy¶D¨Nngo § uyw#pHe2lm{|g{¦µuNnd ~ pyw{¦omp.x|geJlmcftg¥frtp}x?gy¬D­7pHeJlq{|g9gfw4·nd^|g
~_§ ndwYp}omyuN|lvr|beJg ~ ge2uylmw ~ tg{'p}t|¥{w § g{rpyovuNt{¤xdomn{!¨Bn § ndwdgª®uN|e.p}omlvr|¥y¬
£¤gfr,r|gYe2¥fr|bdu ~ uNovuNylmgg{rHpy{|¥fgY{,n.ovg{.uynzrtlvoq{HfompN{|{|lm¨Bndg{ ~_§ pywp}omz{,g ~ gYoqp {|gfw{|lvlvoml«rt¥Ygr ~ g ~ ¥uNe2xuB{,lvr|lmuyw¯gfw
sp}omgfnt{
{|lvwyndomlvc|g{f¶sgfrW{|pe2lq{,g'gw2·nd^|gg{,rlqldtgfw ~ ndg'xuB{|{|lmdovgxpy
o § nzrtlvomlm{tpsrtlvuNw ~ gr|gbdwdlq¨Nng{
x?gf|ª®uyte.p}wBr|g{$lm{t{,ng{
~ goqprtbd¥fuN|lmg ~ nfuywBr|yomgy¶^¨BndlDxg|e2gr|r|gwNr'omgp}oqndo ~ g{ ~ ¥ftlvN¥fg{¤µ ~ g{fuzr{¤lmw ~ ¥xgw ~ pywNr ~ nwduNe9dtg ~ gsp}tlqp}domg{
¸¥rtp}rp ~ uNlvwBr 6¬
F'^I 'B   =F_ '^ 'B ' BD½DC '^À¸À '^
fwdg#x|geJlmcftg4tgfe.pyt¨Bndg#g{,r¨Bndg&ovg{xd|u!Yoq{ ~ g#r|ge2x¥tp}r|ndtgUrtgfoq{Y¨Nng#gnz uN|tg{|x?uyw ~ pywBrp}nz ¨Bnp}r|tg#py{
~ n²e.p}bd¥4x|¥{,gwNrtgfwBrnwdg&{|¥ftlmg ~ g´xdoqpsrtgp}ndD¶lmw ~ lq¨Nnp}wBr¨Bndg&omg{ ~ l Z?¥|gwNr{¥rtp}rt{{,nfg{|{|lvª¸{x|¥{,gwNr{ ~ p}w{ovg{
xdtu ~ ndlvrt{ ~ g ~ ¥rtuywp}r|lmuyw {,uNwNrH{|lve2xdomgfe2gwNr±p}pyr|¥ftlq{,¥{9xpy.ovgnd2r|ge2x¥tp}r|ndtgy¬ lvw{|lL¶ovgUfu^g³HlmgfwBr ~_§ p}{|uytxzr|lmuyw
e2uywu^b|uNe2p}r|lq¨Bndg  +d¶¨Nnl ~ ¥fx?gfw ~ p2xd|lmuytl ~ go § g{,xpyggfr ~ nr|geJx{f¶xuNnd|ps¹Lr,¹álmo9^fr|tgxp}p}e2¥fr|t¥ ~ lvtgr|gfe2gwNr!xp}
oqpr|geJx?¥fpsrtndtg F¨Bndl ~ ¥xgw ~ dlvgw ~ g.o § g{|xpNg2gr ~ n&rtgfe2x{6¬$£¤gfr,rtg.xp}p}e2¥rt|lq{tpsr|lmuyw4xuNndsp}wBr ^rt|gN¶_xp}gf^ge2xdovgN¶
ndwg{|lve2xdomglvwBr|g|x?uyoqpsrtlvuNwHomlvwd¥p}lm|g¦xuNndompN¨Nngfomovg¦ovg{¤spyovgndt{ ~ g¦omp9rtpydovg ~_§ lvwBr|g|x?uyoqpsrtlvuNw±{|uywBr¶^dlmgfw{d¶B¥fNpyovge2gfwBrµ
tgrt|uNndyg¬
­7gxdtlvwlmxp}o?lvwuyw^N¥fwdlmgfwBr ~ ggbduylv.g{,r¨Bndgwduyn{¤{|gftuyw{¤p}e2gfw¥{Wµ9lvwBrtgftxuNovg¤gwNrt|g¦ovg{¤fu^g³HlmgfwBrt{ ~_§ p}{|uytxz¹
rtlvuNw ~ n´ F pyn´|gxuB{¦gfr9gnz ~ g{xd|u ~ nl«r{lm{t{|n{ ~ g2omp ~ ¥fr|uNwpsrtlvuNwR¬£¤gfoqpps¹Lr,¹álvo
ndw {|gfw{:FUpylm{lmoW{ § pyylvroqµ ~_§ ndwdg
~ lv³Hndovr|¥JlmwNrt|lmw{|c¨Bndg ~ nUxdtuydomcfe2gD¨Bndg({|g9xpy{t{,gf¹Fr|¹Llmo7xdb^z{|lm¨BndgeJgwBrp}ndrtgfe2x?¥fpsr|n|g{uNwg|w¥fg{"fw4ge9dtyuNw
~ gt¥fx?uyw{,g^lvgw ~ p9x?gfndr,¹ ^r|tg ~ goqpJxd|¥{,gwBr|g¥rtn ~ gy¬¬f¬
­p{,guNw ~ g!tgfe.p}¨Bndg'g{,r¨Bndgg{xdtu%Yoq{ ~ g!r|ge2x¥tp}r|ndtgxdt¥{|gfwBrtgfwBr ~ g{Wbduzf{¤¨Bndl?{|g!ª®uN|e2gwNr¤gr{|gx|uNxp}NgfwBr¶
gfr ~ gf^p}lmgfwBr ~ uyw2xuNndyuNlv
^fr|tg.eJu ~ ¥ovlq{|¥{xpyndwdg.omuyl ~ gHuyw{,g|spsrtlvuNw&{tfpyompylvtgy¬_­7g{xdtu%Yom{ ~ gHr|gfe2x?¥fpsrtnd|g ~ g{
rt|uNlm{$xdtgfe2lmgf{
fpN{$xuNnd|p}lmgfwBr¶sdlvgw.{d¶;^fr|tge2u ~ ¥ovlq{,¥{p=ygWnwdg!{,lme2xdomgª®uyte9ndomgª¸p}lq{|pywNrlmwBr|g|Ngfwdlm$ovgndt{ ~ l ZD¥ftgfwBr|g{
p}py6rt¥ftlm{,r|lq¨Bndg{¶^e.p}lq{'gr|r|grtgbdwdlq¨Bndgg{,r ~ lv³.flvomgfe2gwNrpyxdxdomlmp}domgp}n¨Bnpsrt|lmcfe2gfpN{f¬
­7g¦xdtlmwlmxp}oDlmwuNw^y¥fwlvgwNr ~ gomp(xp}p}e2¥fr|tlm{tpsrtlvuNw.xp}¥¨Bnp}r|lmuywbB^x?gftuNovlq¨Bndg ~ gt¥pN6rtlvuNwsp ~ yg6r|lmuyw2g{r'¨Bn § govomg
wdgxg|e2gfrJxpN{ ~ g|gxdtu ~ ndlvtgHxpy,ª¸pyl«rtgfe2gfwBrJovg{xdtu%Yoq{9r|bd¥uytlm¨Bndg{gdpN6rt{ ~ g{9r|tuylq{x|geJlmgf{9py{¶p}uynzrp}wBr(pylvw{|l
ndw#dtndl«r ~ gJe2u ~ ¥fomlm{tpsrtlvuNw4p}nUx|uNdovce2g9lmwBNgf{,gN¬*FUpylm{¦gfomomg(g{rwd¥pywde2uylmw{¦|gfr|gfw^ndg(xuNnd{,uNwUxuyr|gwNrtlvgo ~ p}w{¦omgJpy{
N¥fwd¥|lq¨Bndgy¶d¨Bndl_g{r!xdomnzr}r!oqp"Ywp}oml«rt¥ ~ goqp(x|¥{,gwNrtg¥r|n ~ gy¬
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Np}w{¦omg9xdtgfe2lmgfbp}xdlvr|tgy¶?wduNn{ ~ ¥rtpylvomomuyw{omp±eJlq{|g(gwU·nd^|g ~ n4xdtuyovceJg ~ lm|g6r|gomg{ ~ l Z?¥|gwNrtg{¦xp}p}e2¥fr|tl«¹
{tpsrtlvuNw{ ~ g{xdtu%Yoq{ ~ g9rtgfe2x¥tp}r|ndtg9gfr ~ gJfuBgf³HlmgfwBr ~R§ py{,uN|xdr|lmuyw4pylvw{|l$¨Nng ~ gJomgfnd{ ~ ¥ftlvN¥fg{¬N¦pyw{omg ~ gfnzzlmcfe2g
bpyxdlvr|tgy¶swduNn{$xdt¥{|gfwBr|uNw{ovg{$¥fom¥fe2gfwBrt{ ~ n(x|uNdovce2glmw^ygt{|g ~ p}w{
bpN¨Bndg'fpy{ ~ n2e.p}bd¥N¬}­Rgr|tuylq{,lmcfe2g'bpyxdl«rt|gg{,r
~ ¥ ~ lm¥µ9o § p}wpyovz{|g ~ g{,gw{,lmdlmovlvr|¥ ~ n±e2u ~ covgµlmwBNgf{,g ~ pyw{¤bpynw ~ g{¨Bnpsrt|g¦fpy{ ~ nHe.pytbd¥ ~_§ p}?uy ~ omu^p}omgfe2gfwBr
xpy ~ ¥uNeJx?uN{|lvr|lmuyw gfw°=pyovgnd{{,lmwdNndovlmcftg{ ~ g±oqpYe.psrt|lqg,pyuNdlmgfwdwdgN¶7xdnlm{(yomuypyovge2gfwBrxp}9r|pyf¥ ~ n°f|lvr|c|g ~ g{
e2uylmw ~ tg{fpy|t¥{{|nd ~ g{{,gye2gfwBr{ ~ pyw{¦o § g{|xpyfg ~ g{xp}p}e2crt|g{f¬?­Rg{¦t¥{|ndovrtp}rt{ ~_§ lmw^ygt{|lvuNwU{,uNwBrgf^x?uN{|¥{ ~ pyw{omg
¨Bnp}r|tlvceJgbpyxdlvr|tgx?uynbpy¨BndgfpN{ ~ ne.p}bd¥y¬zwYpywdwdgzgN¶d{,uNwNr!tgfN|uNndx?¥{¤ovg{'e.p}w^ndgfoq{ ~ g{ ~ l Z?¥|gwNrtg{tuynzrtlvwg{
~ nomuyNlmflvgoD
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x?uylmwBr ~ g^ndg ~ gomp2{|gfw{|lmdlvomlvr|¥ ~ goqp2eJu ~ ¥ovlq{tpsr|lmuyw7¶zndwdge.p}wdlmcftguyttg6rtg ~ gxd|uzf¥ ~ g¬
åo?g{,rlmwBr|¥|g{|{tp}wBr ~ g¦|ge.p}¨Nngf¤¨Bndg¦omp9xp}p}e2¥fr|tlm{tpsrtlvuNw2r|gfw{,uN|lmgfomovgw § g{rtg{|xuNw{|pydomg¨Bndg ~_§ ndwdg¦ª¸p}lmdomg¦x?gf|r|g ~ g
{|gfw{|lmdlvomlvr|¥y¶zpyn±tgfNpy ~.~ n±Npylvw ~_§ nwHª¸pyr|gndh({|nd¤oqp ~ lve2gw{,lmuyw ~ nxp}p}e2crt|g ~ gfuBgf³HlmgfwBr ~_§ p}{,uN|xzrtlvuNw@¸fuyndt?g{
domgfn¡ª®uywf¥Hgr9Ngf|r|g{ ~ g{WlvNnd|g{5=y¶ =Ld¶RhNgfr(hcL 6¬7wuN|g±ndwdg.ª®uNlm{¶fgfoqpY{,uNndovlmywgHovgfp}pyr|c|gn ~ lqlmgfnd ~ gg
bduNl«_¬

p}$uNwBr|tgy¶foqp!xp}p}e2¥rt|lq{|p}r|lmuyw{tfp}oqp}lmtgwdg¤{|gfp!^p}lme2gfwBr7lmwNrt¥ftg{t{|pywBr|gW¨Bndg{,l^o § uNw9p}t|lmygµ|gwzª®uyg7oqp{|gfw{|lmdlvomlvr|¥
xpy.tpyxdx?uy|r.µ´oqp´{,gndomgUuye2x?uN{tp}wBr|gomlv¥gUp}n0u^g³HflvgwNr ~R§ py{,uN|xdr|lmuywP¨Bn § g{,rHomgª¸py6rtgfnd ~R§ pyeJxovlvr|n ~ g ~ gYoqp4rp}domg
~_§ lmwNrtgftxuNomp}r|lmuywR¬
I  d ¡B½C¸ z½DC¸»)B = . C¸½ ' . 'UÀ 4½ 'B  jW*/d½ /'eN § ndwYxuNlvwBr ~ g^ndgN¥fwd¥tpyoF¶^oqp2xp}p}e2¥fr|tlm{tpsrtlvuNw±t¥ ~ ndlvr|g ~ gomp
rtgfe2x¥tp}r|ndtg ¸p ~ p}xzrt¥fgµ2bpy¨BndgfpN{ ~ ne2pytb¥Y6¶zwg¦ª¸pyl«r!xpy{r|tuyxxg ~ |gwduNwxdomn{ ~ g{|gfw{,lmdlmovlvr|¥N¶d{,nd|r|uNnzr!uNeJxdr|g
rtgfw^n ~ nª¸p}lvr¨Nngoqp ~ lme2gfw{|lvuNwg{r!gwuN|g ~ lm^lm{|¥fgxpy'ndwª¸py6rtgfnd ~ g¨Nngfoq¨Nng{e2lvomomlvgt{¬
$uyn¦oqp±xp}p}e2¥rt|lq{|p}r|lmuywY{tfp}oqp}lmtg ~ gJwdlmygpyn#z¶?lmoª¸pynzrgfw#g[ZDgreJu ~ ¥|g{tp.rt|c{uNwdwdg2{,gw{,lmdlmovlvr|¥Jxpy¦oqp±{|gfndomg
lmw(_ndgwg ~ g{!fuye2xuB{|pywBr|g{ ~ grtgfe2x?¥fpsr|n|gN¶zgrgovomg ~ gwdlmygp}n =d¶ ~ g ~ lve2gfw{,lmuywr|tc{t¥ ~ nl«rtgB ~ g92µ2{|ndlm=pywBromg
py{6¶t¥fNcfomgr|uNnsuynt{$n{|¨Bn § µd¶hHuNnU.sp}omgfnd{{|lvwyndomlvc|g{ ~ pyw{!ndwUª¸py6rtgfnd{yN.p=ygoqp.xdomn{yp}w ~ gE¸uNe2xp}tgf
omg{!fuyndt?g{|uNndyg{f¶zpynzuNndtg{|uB{,g{ ~ g{ Wlmyndtg{=y¶$=Ld¶zhN(gr!h L6¬
Np}w{7ovg¤fpy{ ~ goqpxp}p}e2¥rt|lq{tpsr|lmuyw¦r|gw{|uytlvgovomgy¶lmoyg{r|ge2pyt¨Bnpydomg$¨Bndg¤gfomomg{ ~ gWwdlvNgpyn'gr ='e2uNwNrt|gwBr7¨Nnpy{|lve2gfwBr
oqpYeC^fe2g ~ ¥tuylq{|{tp}wg ~ g{9=pyovgnd{{,lmwdNndovlmcftg{ ~ p}w{9ovg{fpN{.y¶$gr= Fuye2xpy|gomg{fuyndtg{yg,rtg{pynz&fuyndt?g{
,pyndwdg{ ~ g{ Wlmyndtg{ =y¶D= Lgr$hN6¬=£¤gompe2uywBr|tg¤¨Bndg¤ovg{7xpytpye2cr|tg{ ~ gWrtgfe2x?¥fpsr|n|g¤|gfr|gfw^n{¶fomlm¥{$p}nzfpytpN6rt¥ftlm{,r|lq¨Bndg{
xdtlmwlmxp}omg{ ~ g{¤x|u!Yom{µ(eJu ~ ¥ovlq{|gf¶B{|uywBr¤omg{xdomn{{|gfw{|lvovg{f¬(Np}w{¤ovg¨Bnpsrt|lmcfe2gfpy{¶^omp(uNwomn{|lvuNwHg{,rxovn{e2lvr|lmy¥fgN¶
t¥fN¥foqp}wBr¨Bn § lmo_ª¸p}lmovomg{tp}w{ ~ uNnzr|ggwuN|g.rttp=sp}lmomovg¬¬f¬
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­p.xp}p}e2¥fr|tlm{tpsrtlvuNwfuye2xdomcr|g ~ gwdlmygp}n4Je2uywBr|tgomgeC^fe2g ~ ¥ª¸p}ndr ~_§ ndwdgrt|uNxYyp}w ~ g{|gfw{,lmdlmovlvr|¥(xp}!p}xxuN,r
pynz#uNe2xuB{|pywNrtg{ ~ gJr|ge2x¥tp}r|ndtg.¨NngJoqp{|p}oqp}lm|g ~ pyw{ovg{fpN{d¶0=grh¶Rfgfx?gfw ~ p}wBr¶Rfgfomovg ~ g.wdlmygp}n=fuyw{|gftyg
wd¥p}wde2uNlvw{ndw2wduye(d|g ~ g'spyovgndt{
{|lmwdyndomlmcftg{ ~ p}w{
ndwJª¸pyr|gfn!Nyp=yg¤oqpxd|ge2lvc|g'{|ndx¥|lmgfnµndwdg ~ l #pylvwdg
¸xuNnd
ndwg ~ lve2gw{,lmuyw ~ go § uN ~ |g ~ goqpJfgfwBrtpylvwgY6¬
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åo!g{rHe.pylvwBr|gwp}wBr
lmwBr|¥ftg{t{tp}wBr ~ g ~ ¥rp}lmovomgf(ovg{ ~ lmtg6rtlvuNw{ ~ p}w{9ovg{|¨Bndgovomg{9xuNlvwBr|gwBr(omg{(xd|ge2lvgt{9ygr|gndt{({,lmwdNndovlmgf{ ~ go § g{|xpNg ~ g{
xpytpye2cr|tg{x?uyn!omp2xp}p}e2¥rt|lq{|p}r|lmuywuye2xdomcrtg ~ gwdlmygp}n = ~ pyw{!bpN¨Nngfpy{'p%Yw ~ gxdt¥ ~ lvtg¨Bndgfomovg{!uNe2xuB{|pywNrtg{
uNwNr ~ g{'bpywg{ ~R§ ^fr|tg|gfr|tuyndN¥fg{¬
$uyn'ovgfpN{y¶zlmoRw § p2¨Bn § ndwdg{|gfndomguye2x?uN{tp}wBr|gx?uynd'omgxp}p}e2cfr|tg ~ grtgfe2x?¥fpsr|n|gN¶zompJsp}omgfnd ~ nª®tuywBr  " ¬
£¤gfr,r|gYspyovgnd ~ n¯ª®|uNwBr2g{r.rtuynsuNnd{JpN{|{|uzlm¥fgYµ&omp&xdtgfe2lmcftg=pyovgndH{|lvwdNndomlvc|gN¶${tp}ndªx?uynd.oqp&xp}p}e2¥fr|tlm{tpsrtlvuNw
rtgfw{|uytlvgovomgxuNnd'oqpy¨Bndgfomomggovomgg{,r!py{t{,uzflv¥gµJoqp(r|tuylq{,lmcfe2guynµJomp2¨Bnpsrt|lmcfe2gN¶d{,ndlmsp}wBr!oqp9rp}domgnzr|lmomlm{|¥fgBXWlmyn|g?=!=6¬
£¤gomp2{|lvNwdl6Yg¨BndgoqpJsp}omgfnd ~ nª®tuywBr  " g{,r!omgxp}p}e2crt|gxdtlvwflvxp}o ~ nY{|^{,r|ce2gy¬
$uynomgfpy{
d¶oqp ~ lmeJgw{|lvuNw ~ nJxp}p}e2cfr|tg ~ g¤r|geJx?¥fpsrtndtgg{r =d¶=gfr
{|g{$fuye2xuB{|pywBr|g{{|uywBroqp¦=pyovgnd ~ n(ª®|uNwNr  " ¶
fgfomovgpyxd|c{omp ~ ¥fr|gfwBrtg    8; gfr!ovg ~ ¥ompylRgfwBr|tgovg{ ~ gfnd  y¬uyn{tgfe.p}¨Bnduyw{!xd|lmwflvxpyovge2gfwBr¨BndgJomg{uNeJx?uN{tp}wBrtg{   8; ¶  " gfr  2{|uywBr{|uynygfwBroqpy{t{,¥g{p}nzYxdtgfe2lmcftg{xdoqpyfg{ ~ pyw{HfgrHuy ~ tg ¸lvo¦°p p}n{|{|l'ovg{.uNeJx?uN{tp}wBrtg{ ~ n xpytpyeJcfr|tg ~ gUu^g³HlmgfwBr ~_§ p}{,uN|xzrtlvuNw 9xuNndHoqp4rp}domg
t¥fNndovlmcftgy¶gr¨Nng9omg{ ~ lvtgr|lmuyw{ ~ g{xdtgfe2lmgf{!Ng6rtgfnd{{|lmwdyndomlmgf{!wdgJ{,uNwNr¦xpy{ ~ nYrtuynzrxp}p}omomcfomg{!pynzUpszg{¦p=ygomp
rp}domg!e.pszlme2pyovgHWlvNndtg =y¬^£¤gxgw ~ p}wBr¶yomg{Wfuye2x?uN{tp}wBr|g{ ~ g!rtgfe2x¥tp}r|ndtg'tg{,r|gfwBrW¥NpyovgeJgwBrWpy{t{,uzlm¥fg{
p}nz2xdoqpyfg{
~ grD^rtgxuNnd!gfr,r|grp}domgy¬
wuytgndwdg¦ª®uylq{f¶zoqprtgfe2x?¥fpsr|n|g{,uNnzr|gw^ndg  8'; ®^lm{|ndgovomgfe2gfwBr¶Boqp2fpytpN6r|¥|lq{,r|lq¨Nng!xdtlvwflvxp}omg ~ g{xd|u!Yoq{DWg{,romgxpytpye2cr|tgxd|lmwflvxpyo ~ nY{,z{,r|ceJgN¬
Np}w{omgWrt|uNlm{|lvce2gWfpN{f¶omp ~ lmeJgw{|lvuNw ~ n(xp}p}e2crt|g ~ grtgfe2x¥tp}r|ndtgWg{r$¥fBp}omgWµ Ld¬=jzg{$uNeJx?uN{tp}wBrtg{7{|uywBromp=pyovgnd
~ n±ª®|uNwBrxdtlmwlmxp}o  #" ¶^{tp^lvr|g{|{|g  #" ¶^omp(sp}omgfnd{,uNnzr|gw^ndg   8'; ¶^omg ~ ¥ompyl   gfroqp(=pyovgnd ~ nHª®tuywBr{|gfuyw ~ p}lm|g   ¬$uyn!omp.rtp}ovgt¥fNndovlmcftgy¶ovgrtlvgtf¥NpyywpywNr ~ g9omp.{|gfw{|lmdlvomlvr|¥g{r  #" ¶    8; gfr   ¶   gr  #" xdtgfwpywNr¦ovg{ ~ gfndxdoqpyfg{{|ndlvspywNrtg{¶z{|pynzª7x?uyndoqp9xpytpye2¥r|tlq{|p}r|lmuyw2r|gw{|uytlvgovomgXWlmyn|gh=6¬z­7pr|tc{uNwdwdg{|gfw{|lvlvoml«rt¥¦xp}tpyxdxuN,r'µ(omp
^lvr|g{t{|g ~ nª®tuywBrx|lmwlmxpyoD{ § gzxdomlm¨Bndg{|lve2xdomgfe2gfwBrxp}oqp9x|¥{,gwg ~ gwduye(dtgfn{|g{¤uN{tlmovoqpsrtlvuNw{ ~ p}w{omg{omnde2lvwpywg{
~ uNwBr¤oqpx?uN{|l«rtlvuNw.r|geJx?uytgfomomg!g{,r¤dlmgfw¥f^l ~ gfe2e2gfwBr¤e2u ~ l,Y¥fg¦xp}gfr,r|g¦^l«rtg{t{,gN¬z£¤gompg{rxdomnzr yre.p}n=pylm{¤{,lmywg¦¨Bnp}wBr
µ4ompYtgbgfbdg ~ gfg±xpytpye2cr|tgy¶fp}(wdu}rt|g±gzx¥|lmgfwg ~ go § lmwBNgf{,lmuyw {|lm{|e2lm¨BndgN¶¨Bndl¤ª¸p}lvrJpyxdx?gfoµYompUxd|uNxp}BpsrtlvuNw
~_§ uyw ~ g{¶7wduNn{ª¸pyl«rJ{,uNndx?©fuywdwgfoqpxdt¥{|gfwfg ~ gHwduNe9dtgfnd#e2lvwlve.pYomuzfp}ndD¬ åoWg{,r(µYx|¥yuylm¨Bndg±{tp}w{ompYx|¥{,gwg
~ g(g{uN{tlmovoqpsrtlvuNw{xpytpN{,lvr|g{f¶doqp.{|gfw{|lvlvoml«rt¥9µ.oqp2^l«rtg{t{,g #"²{,gtpyl«r!lvgwYeJuNlvw ~ |gN¬?£¤uye2e2g ~ pyw{!omg9py{'xdt¥f¥ ~ gwBr¶
o § n{|pyyg ~ g¦omprtpydovg¦e.pszlve.pyovgµr|gw ~ p}wg¦µxdovn{We2¥foqp}wygf¤o § lmw(_ndgwg ~ g{ ~ l Z?¥|gwNrtg{uNeJx?uN{tp}wBrtg{¬B£¤gfx?gfw ~ p}wBr¶Bovg{
rt|uNlm{¤xdoqpyg{ ~ grD^r|g{|uywBrWrtuynsuNndt{Wuzfnx¥g{xp} ~ g{WNg6rtgfnd{x?uylmwBrtpywNryomuyp}omgfe2gfwBrWNgf{omg{uNeJx?uN{tp}wBrtg{  }¶ "
gfr    8; ¬Np}w{g&fpy{¶Womg{xpytpyeJcfr|tg{.x|lmwlmxpynz ~ n {,z{,r|ceJg#{,uNwNromp°Blvr|g{|{|g ~ n[ª®|uNwNrxd|lmwflvxpyo#"gromp°=pyovgnd
{|uynzrtgfw^ndg%   8'; ¶dgfr ~ p}w{nwdge2uylmw ~ tge2g{,ndtgy¶zomg ~ ¥ompyl   ¬
$uynomg¨Nnpsr|tlmcfe2g¤gfr ~ gftwdlmgf$fpy{¶=omp ~ lme2gfw{|lvuNw ~ n9xpytpyeJcfr|tg ~ grtgfe2x¥tp}r|ndtg{ § ¥fomcfNg¤µ =ovg{$uye2x?uN{tp}wBr|g{{|uywBr
oqp2sp}omgfnd ~ nª®|uNwNr!x|lmwlmxpyo   " ¶?{|pJ^lvr|g{t{|g  #" ¶omp2sp}omgfn{,uNnzr|gw^ndg    8'; ¶oqp2sp}omgfnd ~ nª®tuywBr{|gfuyw ~ pylvtg%  ¶ompfuyndtdndtg ~ g'oqpuNw ~ lvr|lmuyw.µompomlmeJlvr|g¦µNpynbdg  R ¶yomg ~ ¥foqp}l   ¶yovg{WuNndtdndtg{ ~ n2rtgfteJg!{|uyntfg   gr   grWo § p}e2xdoml«rtn ~ g~ nrtgfteJg{|uyntfg#T 4¬
­7g{xd|ge2lvc|g{Rsp}omgfnd{{,lmwdynovlmcftg{{,uNwNr$py{t{,uzflv¥g{Rpyn ~ ¥ompyl  y¶=xdndlq{µomp=pyovgnd${,uNnzr|gwBng   8'; gr
µ!oqp!^lvr|g{|{|g,#"¶^lmgfwdwdgwBrgw(Yw´oqpspyovgnd ~ n4ª®tuywBrxdtlvwlmxp}o  #"gr¶Rx?uyndoqpxp}p}e2¥rt|lq{|p}r|lmuyw4{tfpyompylvtgy¶?oqpspyovgnd ~ n&ª®|uNwNr{|guNwz¹
~ pylvtg  Jgro § pye2xdovlvr|n ~ g ~ nJr|g|e2g!{|uyndg T 4¬y­Rg{uNndtdndtg{  R^¶   gfr  'wdg!{|gfe(dovgwBr ~ uywxpN{ ^rt|g ~ g{
xpytpyeJcfr|tg{n ~ lmflvgn{,ge2gfwBrbduylq{|lm{¶zxdndlq{|¨Bndgomg{'e2g{,ndtg{omgfnd¦{,uNwNr'lmw{|gfw{|lvovg{f¬
­7g{xp}p}e2cfr|tg{¤xd|lmwflvxpynz ~ n{|^{,r|ce2g{|uywBr¶ ~ pyw{'gfpN{f¶zomg ~ ¥foqp}l  gfr!omp(sp}omgfnd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­ § pywp}omz{,g ~ g{,gw{,lmdlmovlvr|¥tgfx?uN{|g{|ndndwdgomlvw¥p}tlq{|p}r|lmuyw ~ nxdtuydomcfe2gN¬BWovomgwdg|gw{|gflmywdg ~ uyw¨Bndg{,n'ovguNeJx?uy|¹
rtgfe2gfwBr'ovuzp}o ~ gomp(ª®uNw6rtlvuNwµ(lvw^Ngf{,g¬Bwp}nfndwpy{ndwdg?uywdwg{|gfw{|lmdlvomlvr|¥wdgNpytpywNrtl«r¨Bndgo § uywxdndlq{|{|guyw^Ngftygf
Ngf{9oqp4{|uyomnzr|lmuyw ~ n°x|uNdovce2g ~ g{(e2uNlvw ~ |g{(p}t|¥{xpy(ndwg±rtgbdwdlq¨Bndgovuzfpyovg ~ grBx?gyp ~ lmgfwBr({tp}w{(tgfwfuywBr|tgf
~ g2e2lmwdlve(nde omuzfpyoF¬R­p±wduNwz¹áovlmwd¥py|lvr|¥2{|uyn{,¹v,pNgwNrtg(wgJx?gfndr,¹ ^r|tg.p}xdx|¥bdgfw ~ ¥fg2¨NngJxp}ompe2lq{,g2gfw&·nd^tg ~_§ ndw p}ov¹
Nuytl«rtbde2g ~ gJe2lvwlve2lq{|p}r|lmuywR¬7£¤gfx?gfw ~ p}wBr¶_omg(r|py¥ ~ n´tl«rtcftg ~ g{¦e2uNlvw ~ |g{p}t|¥{{|ndndw´{,gye2gfwBr¦tgfomlqp}wBromgJxuNlvwBr
lmwdlvr|lqp}oµoqp{|uyomnzr|lmuywJg{,rWndw2lmw ~ lqfpsrtgfnd¤{,ndWompwduNwz¹áovlmwd¥py|lvr|¥ ~ n2xdtuyovceJgN¬ lvgw.{d¶yfgfoqpw § g{rgw^Blq{tp}ygp}domg¨Nng!xuNnd
~ g{'e2g{|ndtg{{,^wBr|b¥r|lq¨Bndg{¬
 Yw ~ g ~ ¥rp}lmovomgfJovguye2x?uy|r|geJgwBrJp}n´ª®uNw ~¡~ gomp4sp}omov¥g ~ n°e2lmwdlme9nde5yomuyp}o¤{|l¤fgfomovgf¹áfl¤g{rJ¥rt|uNl«rtgy¶7omgHrttpN¥
{|ndJovg{,gye2gfwBr(g{rJtp}³.wd¥±p}n°yuylq{|lvwpyyg ~ n¡^tpylWx?uylmwNr¬
­Rg{r|pyf¥{J{,uNwNr(|gxd|¥{,gwBr|¥{9gfw¡¥bdgfomomg±wduN|e.p}omlq{,¥gRomg
fuyt|g{,x?uyw ~ pynHx?uylmwNrlvwl«rtlmpyogfrp}n.^tpylx?uylmwBr¬^­Rg{ ~ gnz.lvwBrtgft=pyovomg{Wwduyte.p}omlm{|¥{3E     G gr*E    
 G {|uywBr ~ ¥uNndx?¥{gw&2{,uNn{¹álmwNrtgftsp}omovg{¤bpNndw{f¬
a < a < ] ) '^.¿ d .0   s¿+*
Np}w{omg{'¨Bnp}r|tgpy{ ~ ne.pytbd¥N¶^wduyn{p=Nuyw{Wr|pyf¥¦omgf|lvr|c|g ~ g{eJuNlvw ~ |g{fp}tt¥{W{|ndomg{'{|gfye2gwNr{uylmywpywNrovg{
x?uylmwBrt{¦lvwdlvr|lqp}ndpynU^tpylRxuNlvwBrxuNndomg{xp}p}e2¥rt|lq{tpsr|lmuyw{ ~ g9wdlmygp}n N¶uNe2xdovcfr|g{ ~ gwlvNgp}n4.gr =¶fgr,rtg ~ g|wlvc|g
¥frtp}wBr¥Np}omgfe2gwNrfuyw{|l ~ ¥ft¥fg2xuNndomg{e2g{|ndtg{dtndlvr|¥g{gre2u ~ ¥ovlq{,¥g{¬ !n´^p}l
x?uylmwNr¶RomgHtl«rtcftgJg{rw^ndoWxuNndovg{
e2g{|ndtg{gfzpN6rtg{p=ygomg{xpytpye2¥r|tlq{|p}r|lmuyw{ ~ gwdlmygpyn#gr¦Ffp}omg{xdtu%Yom{rtbd¥fuN|lq¨Bndg{ ~ gr|ge2x¥tp}r|ndtg{,uNwNr!pyovuNt{
xdtlq{¦gw4uNe2xzr|g6¶Dgrlvo$g{r¥fBp}omgfe2gfwBr¦w^ndo$x?uyndomg{¦eJg{,n|g{e2u ~ ¥fomlq{,¥g{p=yg9omp±xp}p}e2¥fr|tlm{tpsrtlvuNw ~ g9wdlmygp}n = ®xp}
fuyw{,r|tn6rtlvuNw 6¬£¤gfr,rtg¥r|n ~ gg{,r!e2gfwd¥gx?uyn!ovg{ ~ gfnd±rtpydomg{ ~_§ lvwBrtgftxuNomp}r|lmuyw ~ g{'fuBgf³HlmgfwBrt{ ~_§ p}{,uN|xzrtlvuNwR¬
w{,ndlvr|gN¶wuyn{ ~ uywdwduNw{'e2uywBrt|uNw{'¥fBp}omgfe2gfwBr!omgr|pyf¥ ~ n4tlvr|cftgomuy{|¨Bndgomg{ ~ l ZD¥ftgfwBr|g{!uNe2xuB{|pywNrtg{ ~ nYxp}ps¹
e2crt|g{Wspy|lmgfwBr¤{|¥fxpy|¥e2gfwBr¶Novg{Wp}ndr|tg{¥frtpywNr+Ydz¥fg{¤µomgfn¤^p}lmg'=pyovgnd ®x?uynd¤omp({,gndovg¦xp}p}e2¥fr|tlm{tpsrtlvuNwJfuye2xdomcr|g ~ g
wdlmygp}n =¶pYw ~_§ lvomomn{rt|g'omp2{|gfw{|lmdlvomlvr|¥yomuyp}omg¦xpy'tpyxdx?uy|r'µ2bpN¨Bndgfuye2x?uN{tp}wBr|gN¬
Np}w{omgpy{¦y¶Bgr!{|nd,rtuynzrxuNndomprtpydovgt¥fynovlmcftgy¶Bovg{Wxp}p}e2¥rt|lq{|p}r|lmuyw{W|¥ ~ ndlvr|g{¤{|gfe(dovgwBrfuyw^ygf^l,YgWomgf|lvr|c|g
~ g{!e2uylmw ~ tg{¦fpy|t¥{
Fuye2xpy|g!omg{fuyndt?g{'domgfnª®uNw¥ ~ g9oqpBWlvNndtg"L}.p}ndpynzr|tg{!fuyndt?g{6¬D£¤gompHwdg9{|gfe9ovgxpy{
ª®uNw6rtlvuNwdwdgfp=yg'oqprtpydomge.pszlme2pyovg¦xuNndovg¦xuNlvwBrlvwdlvr|lqp}oD{|uyn{,¹L¥sp}omnd¥y¬*!lmw{,lL¶^ovg¦^tpylx?uylmwBr ~ gBp}lvr&^fr|tg¦p}r,r|glvNwp}ovg
gw4xpy,rp}wBr ~ n&x?uylmwNrlmwdl«rtlmpyo
{,uNn{¹á¥fspyovnd¥Jp=ygomp±rtpydomg(t¥fNndovlmcftggfrgw#xpy,rp}wBr ~ n4x?uylmwNrlmwdl«rtlmpyo
{,nd|¹á¥fsp}omnd¥(p=Ng9omp
rp}domgWe.pszlme.p}omgy¬=­Rg{ ~ uNwdwd¥fg{Rdtndlvr|¥g{wdg¤{|gfe(dovgwBrxpN{7x?uN{|gf ~ g¤x|uNdovce2gxp}|r|lqnovlmgf¬f$uynfgWxdtgfe2lmgfpy{¶omgW|ndlvr
~ ge2u ~ ¥fomlq{|p}r|lmuywg{,rt¥ ~ ndl«r!µJgfw^^lm|uNw-L±¶d{|uylvr'p(x?gfnxdtc{p}nzrp}wBr!¨Bndgovgdtndlvr ~ g{e2g{|ndtg{dtndl«rt¥fg{
®gfw^^lm|uNwy
~ g{e2g{|nd|g{W|ndlvr|¥g{{|uywBr ~ p}w{o § lme.p}yg ~ gomp(e2u ~ ¥fomlm{tpsrtlvuNwR¶ ~ uywgf^xovlqfpydovg{f¶zpyovuNt{¤¨Nng L ~ g{eJg{,n|g{WgfzpN6rtg{
omg{,uNwBr6¬
n°^n ~ g{rttpN¥{ ~ goqp@WlvNndtgXLzN¶lmo'p}xdxp}pqr(oqp}lm|ge2gfwBrJ¨Bndg § g{,rJoqpUtgbgfbdg ~ gomp4sp}omgfnd ~ n¡ª®tuywBr  "
¨Bndl
x?uN{|g(x|uNdovce2gJp=Ng(omp±rtpydovg2t¥fNndovlmcftg9gw4xpy,rp}wBr ~ n#x?uylmwBr{,nd|¹á¥fsp}omnd¥y¬D
rfgy¶_dlmgfw´¨Bndg(oqp{,gw{,lmdlmovlvr|¥.{|uylvromp
e2gflmomovgnd|gp}n´yuNlm{|lvwp}yg ~ g±ompU{|uyomnzrtlvuNw 
 7Ng2oqprtpydomgHe.pszlve.pyovg.gw xp}|rtpywNr ~ n°xuNlvwBr({|uyn{,¹á¥fsp}omnd¥y¶R § g{r(ompY{|gfndomg
tgbdgtbg¦uNwsuylmwBr|g ~ g{'fuye2x?uN{tp}wBr|g{ ~ g¦r|ge2x¥tp}r|ndtg¦gfr ~ gu^g³HlmgfwBr ~_§ p}{|uytxzr|lmuyw¨NnlR{,ndNyc|g¦omp(xdt¥{|gfwfg ~_§ ndw
e2lmwdlve(nde ovuzfpyo^lmo ~ gf^p}lvr ~ uywgf^lq{,r|gf'nwbgfe2lvwomguywBrtuyndtwp}wBr¬f¬f¬
Np}w{omg.fpN{z¶_µeJuNlvw{ ~ g2ompxdt¥{|gfwfg ~ g2eJlmwdlme.pomuzfpynz4bduNt{ ~ g2oqp±ª®gw^rt|g2tgfxdt¥{|gfwBrt¥fgy¶Do § lmw^ygt{|lvuNw#p=Ng(omp
xpytpye2¥r|tlq{|p}r|lmuyw ~ g¦wdlvNgpyn = ~ g^tpyl«r¤ª®uywr|lmuywdwdg¤x?uyn¤oqprp}domgt¥fNndomlvc|gµ9xp}|r|lm ~ n±x?uylmwBr{|uyn{,¹L¥sp}omnd¥y¶BgrxuNndomp
rp}domg¦e.p}^lme.p}omgµ9xp}|r|lm ~ nx?uylmwBr{|nd|¹L¥sp}omnd¥XWlmyn|g?Ly6¬^­7p(xp}p}e2¥rt|lq{tpsr|lmuyw ~ gwdlmygp}nUN¶zµxpy,rtlv ~ nxuNlvwBr'{,nd|¹
¥=pyovn¥y¶}{|g'|¥ycfomgxpy{t{,g$xp}$ndw2¥fwuyteJge.pszlme9nde¼omuzfpyodp}nJxd|ge2lvglmw¨Bndlvce2g ~ n2{|gfNe2gfwBr ~ g=pyovgnd
gfw^^lm|uNw±3M omg
e.pszlme9nde ovuzfpyoDg{,rgwuN|gxdt¥{|gfwBrx?uynoqp(xp}p}e2¥rt|lq{tpsr|lmuyw ~ gwlvNgp}nz¶^e.p}lq{lvo ~ lq{|xp}pqrp=Nggfomomg ~ gwdlmygp}nX=d¬
­7gx?uylmwBr'lvwdlvr|lqp}o_x|uzbdg{,ge9domgwdgxpy{x?uN{|gf ~ gxdtuydomcfe2gxp}|r|lqnovlmgf¶Br|uyndr'fuye2e2go § gfe2xdomuyl ~ g{eJg{,n|g{¤|ndlvr|¥g{¬
$uynfg ~ gnzzlvce2gpy{¶Nomgdtndlvr ~ g¦e2u ~ ¥fomlq{|p}r|lmuyw±{ § ¥ovcygµgfw^^lm|uNwYG=±¶Bdlmgfwpynz¹ ~ gfoqµ ~ g{ L ~ gd|nl«r ~ g{¤e2g{|ndtg{
dtndlvr|¥g{B¸gfw^^lvtuyw´}h ~ g{eJg{,n|g{d|nl«rt¥fg{9{,uNwNr ~ pyw{o § lme.p}Ng ~ g.ompe2u ~ ¥fomlq{|p}r|lmuywR¶7pyovuNt{¨BndgHcM ~ g{e2g{|ndtg{
gfzpN6rtg{omg{,uNwNr 6¬
­p?WlvNndtg:L!=He2uywBr|tg9omg{sp}tlqpsr|lmuyw{NovuNp}omg{xuNndbpy¨BndgJuye2x?uN{tp}wBr|gJµHxpy,rtlv ~ n#xuNlvwBrlvwl«rtlmpyox|uzbdgJxuNnd
omg{¤e2g{|nd|g{Wgfdpy6rtg{WgreJu ~ ¥ovlq{|¥fg{¬ åo_{|gfe(dovgtpyl«r¨Nng¦{|gfndomgoqp^p}lmg!sp}omgfnd{,uNnzr|gw^ndg   8'; {|uylvrp}r,r|glvNwp}ovgµ9xp}|r|lm~ nxuNlvwBrlvwdlvr|lqp}o?xdtuzbdg!x?uyndovg{We2g{,ndtg{Wgdpyr|g{f¶Novg{ ~ gnzHp}nzrt|g{xdt¥{|gfwBrp}wBrWndwdg{|gfw{|lvlvoml«rt¥NovuNp}omgª¸p}lmdomgy¶^grndwdg
sp}omgfn
uyxzrtlve.p}omg¥fomuylmywd¥g ~ goqp ^p}lmg  sp}omgfnd¬=$uynd$omg{$e2g{|ndtg{e2u ~ ¥fomlm{|¥fg{f¶slmozwdg'{,ge9domgxdovn{$9p=yuNlv ~ gxdtuydomcfe2g{¬
Np}w{omgfpN{U=d¶zoqp2xp}p}e2¥fr|tlm{tpsrtlvuNw ~ gwdlmygp}n = ~ gf^tpyl«r'x?gfte2gr,rt|g ~ g|gfr|tuyndNgfovg^p}l_x?uylmwNr!µ2xpy,rtlv ~ g{r|tuylq{
x?uylmwBrt{Jlvwl«rtlmpynz_¶rtuynzr.p}n°eJuNlvw{(p=NgHoqpYrp}domg|¥yndomlvc|g HWlvNndtgXLsh 6¶eC^fe2gx?uyn(omg{Je2g{|ndtg{(d|nl«rt¥fg{¬uNnd2g
ÁÁÈ%ldÖ×Ö=Ó
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rt|uNlm{|lvce2gfpN{f¶ovgdtndlvr ~ ge2u ~ ¥fomlm{tpsrtlvuNw°{ § ¥fomcfNg±µUgw^Blmtuyw0fh±¶7rtuynsuNndt{(p}nz¹ ~ gomµ ~ g{:L ~ gd|nl«r ~ g{(e2g{|ndtg{
dtndlvr|¥g{B¸gfw^^lvtuyw´!= ~ g{eJg{,n|g{d|nl«rt¥fg{9{,uNwNr ~ pyw{o § lme.p}Ng ~ g.ompe2u ~ ¥fomlq{|p}r|lmuywR¶7pyovuNt{¨BndgHN ~ g{e2g{|ndtg{
gfzpN6rtg{omg{,uNwNr 6¬
£¤gxgw ~ p}wBr¶o § ¥r|n ~ gfuye2x?uN{tp}wBr|gxp}2uNeJx?uN{tp}wBrtg HWlmyndtgXLL 9e2uywBr|tg¨Bn § p=yg.omp4rtpydomgt¥fNndovlmcftgy¶lvo'{|gfe(dovgN¶
~_§ ndwdgxp}|r¶^gp}nfuyndxxdomn{ª¸pyflvomg ~ g|gfr|tuyndNgf¤ovg ~ ¥ompyl  gr'oqp9sp}omgfn!{,uNnzr|gwBng   8'; ¶zgfr ~R§ pynzr|tgxp}|r¶^lmeJx?uN{t{|lvdomg~ g.tgrt|uNndyg¦oqp^l«rtg{t{,g ~ n&ª®tuywBrxdtlvwflvxp}o#"¼gw#p}lq{,uNw ~ g.wuye9|gnz4e2lvwlve.povuzp}nz ¸dlmgfw ¨Bndg.omp{|gfw{|lmdlvomlvr|¥
xpy(p}xxuN,r2µ4gfr,rtgfuye2xuB{|pywBr|g{|uylvr9rt|c{JuNwdwdgpyn ~ ¥xp}|rJfuye2e2gµ4o § p}ttlvN¥fgY¬7$uyn(omg{Je2g{|ndtg{(eJu ~ ¥ovlq{|¥fg{¶
{|gfndo{,nd{,lq{rtgovgxdtuyovceJg ~ ge2lmwdlve.p2omuzfp}ndHxuNnd'omp2^lvr|g{|{|g  #"¦¶domg{sp}omgfnt{ ~ nª®tuywBr'xdtlvwflvxp}o  #"0gr ~ nª®tuywBr
{|gfuyw ~ pylvtg tg{,rtpywBr ~ g{,gw{,lmdlmovlvr|¥ª¸pylvdomgy¬
Np}w{(omgpy{(h¶ovgtl«rtcftg{|gfe9ovggp}nfuyndx¡xovn{Jt¥fNndovlmgfJp=yg.omp4rtpydomg±e.pszlme2pyovg¨Bn § p=Ng.oqpYrp}domg|¥yndomlvc|g
XWlmyn|g?L}6¬d£¤gfoqpg{,r¤^p}lq{,ge9doqp}ovgeJgwBrWovlm¥µoqpr|tuyxHª®uy|r|glmw{,rtpydlvomlvr|¥ ~ g¦oqpxp}p}e2¥rt|lq{|p}r|lmuyw ~ pyw{g¦py{¶Noqprp}domg
t¥fNndovlmcftg ~ uywdwpywBr?gpynuNndx±xdomn{ ~_§ lve2x?uy|rtpywgp}nz.rtgfe2x?¥fpsr|n|g ~ p}w{Woqp9Bp}e2e2g(3L}NPc= L}N	2¬^
p}uNwBr|tgy¶^xuNnd
oqprtpydomg.e2p}zlve.p}omgy¶7ovg±f|lvr|c|g.x|¥{,gwNrtg2ndw e.pszlve(nde ovuzfpyodlmgfw e.p}¨Bnd¥ ®gw ~ gfbduNt{ ~ gHoqpª®gfw^fr|tg ~ n´yp}xdblm¨Bndg
x?uyndomg{¤xuNlvwBrt{¤lmwdl«rtlmpynz±{|nd,¹á¥fspyovnd¥gr¤x|uzbdg6¬ 7Ng!oqprp}domgt¥fNndomlvc|gN¶ ~ g¦wduye(d|gnz2xgfr|lvrt{e2lvwdlme.p9omuzfpynz2{|gftuywBr
{tp}w{ ~ uynzrtg!{,uNndg ~ g'xdtuydomcfe2gx?uyndo § lvw^ygt{|lmuywR¬åodg{r¥NpyovgeJgwBr$lmwBr|¥|g{|{tp}wBr ~ g'wduyr|gf¤¨Nng!{,nd
omg!{|gfye2gwNr_uNlvNwp}wBr
omg9x?uylmwBr¦lmwdl«rtlmpyo{|nd|¹L¥sp}omnd¥9p}nY^p}lxuNlvwBrp=Ngoqp2rp}domg9t¥fNndovlmcftgy¶ov¥ycftgfe2gwNrp}nz¹ ~ gfoqµ ~ n4Bp}lxuNlvwBr{,grt|uNndyg9ndwdg
dlmgfwe2gflmomovgnd|g{|uyomnzr|lmuyw7¬
o § ¥fr|n ~ gHuye2x?uN{tp}wBr|gJxpyuye2x?uN{tp}wBr|g XWlmyn|g LM ¦eJuNwBr|tgJnwdg2ª®uy|r|g ~ lq{,xp}tl«rt¥JgwBr|tgJomg{9{,gw{,lmdlmovlvr|¥{ ~ g{xp}ps¹
e2crt|g{ ~ gr|geJx?¥fpsrtndtggfrgnz ~ gu^gf³.flvgwBr ~R§ py{,uN|xdr|lmuywp=Ng¦omp(rp}domge2p}zlve.p}omgy¬ yg¦oqp(rtpydovgt¥fNndovlmcftgy¶^wduNn{
uN{,g|Nuyw{ ~ g4wduye(d|gnz°e2lmwdlve.p´omuzfp}nd°xuNndHoqp´^l«rtg{t{,g ~ n¯ª®tuywBrHxdtlvwlmxp}o*#" grHomg{Hp}py6rt¥ftlm{,r|lq¨Bndg{ ~ g4omp
fuyw ~ lvr|lmuywYµ2oqp2ovlme2l«rtg9µ2NpynbdgN¶duyn|dn|g  Rgfr ~ ¥ompyl  }¶?p}lmw{|l7¨Bn § nw{|gfnoRe.pszlve(nde omuzfpyoRxuNnd!oqp2sp}omgfnd ~ n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t fin, k complet
t réduit, k complet
t réduit, k complet, mesures bruitées
t réduit, k complet, mesures issues du modèle
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t réduit, k complet, mesures bruitées
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t fin, k complet
t réduit, k complet
t réduit, k complet, mesures bruitées
t réduit, k complet, mesures issues du modèle
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t fin, k complet
t réduit, k complet
t réduit, k complet, mesures bruitées
t réduit, k complet, mesures issues du modèle
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t fin, k complet
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t réduit, k complet, mesures bruitées
t réduit, k complet, mesures issues du modèle
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t réduit, k complet, mesures bruitées
t réduit, k complet, mesures issues du modèle
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t réduit, k complet
t réduit, k complet, mesures bruitées
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tbdg¦{,lme9ndovrtpywd¥fg ~ g{fuye2x?uN{tp}wBr|g{ ~ grtgfe2x¥f¹
psrtnd|gV-W'gfr ~ gJfuBgf³HlmgfwBr ~_§ p}{,uN|xzrtlvuNw V  e.p}lq{¦p=NguNndyg,rtnd|g9xd|uNytg{t{,lmyg ~ gJfg{ ~ gftwdlmgf{ ~ gyt¥{ ~ g(omlmg,rt¥
~_§ p}?uy ~ omgª¸pyr|gnd ~_§ p}e2xdomlvr|n ~ gN¶DxuNndndwgª®uyte2g9p.xdtlmuytl ~ g(omp2rp}domgE¸xp}p}e2¥fr|tlm{tpsrtlvuNw{tfpyompylvtgY¶dxdndlq{¦ovg{!sp}omgfnd{
wduN|e.pyovlq{,¥g{ ~ gomp¦xdtgfe2lvc|guNovuNwdwdgWgfr ~ goqp!x|geJlmcftgovlmywdg ~ gomp!rtpydovgN¶=ovg{pynzr|tg{sp}omgfnt{¥rp}wBrg{rtlve2¥g¤xpyx|u ~ ndlvr
rtgfw{|uytlvgo®xp}p}e2¥rt|lq{|p}r|lmuyw4r|gfw{,uN|lmgfomovg6¶_gfrgfw(Yw´rtuynzrtg.omprp}domgR®xp}p}e2¥rt|lq{|p}r|lmuyw&uye2xdomcrtgY¬R$uynd9fgr|r|gH{|guNw ~ g
{,r|psrt¥fylmgy¶$ndw¯e.pszlme9nde ~ g´4lvr|¥tp}r|lmuyw{(xp}2xpytpye2¥r|tlq{|p}r|lmuyw¡p&¥rt¥uz6rt|usN¥y¶NpytpywNrtlm{t{tp}wBr9ndw¯g[ZDuy|rJe.p}^lme9ne
fuye2xp}p}ovgµ2gfomndlRx?uyn'omp2xdtgfe2lmcftg{,r|psrt¥fNlvgN¬
­7g{${rttp}r|¥ylmg{ ~ n9r^x?g ~ goqp{,guyw ~ g{|uywBr
uNwdw^ndg{xuNndb^rt|gxdomn{${rp}domg{gw(xdt¥{|gfwg ~ g|ndlvr =gfomomg{
uNw^ygftygwBr
N¥fwd¥tpyovgeJgwBrygf{
ndwg¦{|uyomnzr|lmuyw.xdomn{¤|¥yndomlmcftggw±{|ndlvspywNr¤o § p ~ pyyg!{|gfomuyw.omg¨Bndgolmow § g{,r¤xpy{
nzrtlvomg¸gre ^e2gw^ndlq{,lmdomgY
~ gtgbgfbdgf ~ g{ ~ ¥rp}lmom{ ~_§ ndwdg{|uyomnzrtlvuNwpyovuNt{¨Bndgo § uywgwg{r!gwuN|g¦r|tc{'¥ovuNlvNwd¥y¬
 #  #" ' "-/ 6 '   !
$uyn9omgfpN{omg±xdomn{J{,lme2xdomg ~ gomp ~ ¥r|uNwpsrtlvuNw¡p}nzrtuywduNe2g±{rpsrtlvuNwdwp}lmtg±{,uNnzr|gw^ndg@¸py{±Y6¶wduNn{(p=Nuyw{9uye2xpy|¥
omg{ ~ gfnzY{,r|psr|¥ylmg{'x?uyno § lmw^ygf{|lvuNwgwUxp}|rtpywBr ~ g{ ~ gfnzx?uylmwNr{!lmwdlvr|lqp}nzovuNlvwBrp}lmw{>F{,uNn{¹á¥fspyovnd¥gfr{|nd,¹á¥fspyovnd¥gfw
nzrtlvomlq{|pywNr.omg{Je2g{|ndtg{Jgdpyr|g{(gfrJ|ndlvr|¥g{¶p=ygHomg{ ~ gfnd¡rtpydovg{ ~_§ lmwBr|g|x?uyoqpsrtlvuNwR¬
­Rg{2fuye2xzr|g{¹átgfw ~ n{ ~ gYfg{
gf^x?¥ftlmgfwfg{{,uNwNr ~ uNwdwd¥{ ~ pyw{ovgapydomgp}nd¬^­ § p}wpyovz{|g ~ g{,gw{|lvdlmoml«rt¥pynbpyxdl«rt|g¦xdt¥¥ ~ gfwBr{,ge9doqp}lvrlmw ~ lq¨Bndgf¨Bndg
o § lmw^ygt{|lvuNwpyovoqp}lvr'dlvgwY{,gxpN{|{|gf ~ pyw{'g{2uNw(YNndtp}r|lmuyw{¬
­p{,r|psrt¥fNlvgJbdlm¥fp}bdlm¨Bndg ~ uNwdwdg.y¥wd¥fp}omgfe2gwNr ~ g.e2gflmomovgndt{t¥{|ndovrtp}rt{¨Bndg2ompY{,r|psrt¥fNlvg ~ lm|g6r|gN¶7{tp}nzªxuNndovg{
e2g{|ndtg{Wgdpyr|g{Wµxp}|r|lm ~ n±xuNlvwBrWlmwdlvr|lqp}o{|uyn{¹á¥fsp}omnd¥!p=Ngoqprtpydovg|¥yndomlvc|g 
 7Ng'fgr,rtg¦{,r|psrt¥fylmgy¶yomprtgfe2x?¥fpsr|n|g
~ nª®tuywBr ~ g ~ ¥rtuywp}r|lmuyw  "0g{,rxp}|ª¸p}lvr|gfe2gwNr'tgrt|uNndy¥gx?uyndomg{ ~ gnz±x?uylmwNr{lvwl«rtlmpynzp=ygoqp9rtp}ovge.pszlme2pyovg¨Bndg
fgH{,uNl«rgfw´nzrtlvomlq{|pywNromg{eJg{,n|g{gdpyr|g{uNn&|ndlvr|¥g{¬ 7Ng2oqprtp}ovg.t¥fNndovlmcftgy¶Domg{t¥{|ndovrtp}rt{{|uywBre2pyndsp}lq{f¶R{tp}ndªµ
xpy,rtlv ~ nx?uylmwBr!lvwl«rtlmpyoR{,uNn{¹á¥fspyovnd¥gfwnzrtlvomlq{|pywNr!omg{e2g{,ndtg{|ndlvr|¥g{ 

FYlq{µ!xpy,rr|tuylq{Rt¥{|ndovrtpsr{7¥fr|uNwdwp}wBr{&¸uoqp{,r|psrt¥fylmg ~ lvtgr|g¤{|gWt¥fNcfomgWxdomn{g³HfpNg¨NngWoqp¦{,r|psrt¥fylmgbdlm¥fp}bdlq¨Bndgy¶
uNnHdlmgfwHuHovg{t¥{|ndovrtpsr{W{|uywBr¤e2glvomovgnd{gfw±nzr|lmovlq{tp}wBr¤omg{WeJg{,n|g{dtndlvr|¥fg{¤¨Bndg¦ovg{e2g{|ndtg{Wgdpyr|g{6¶BwduNn{WfuywfovnduNw{
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x?uyndg9py{¦¨NngompJrtgfe2x?¥fpsr|n|g ~ nYª®|uNwBr ~ g ~ ¥fr|uNwpsrtlvuNwg{r¦xp}|ª¸p}lvr|geJgwBr ~ ¥rtgfte2lvwd¥g9p=ygomp.rtp}ovge.p}^lme.p}omggfw
nzrtlvomlq{|pywNr!oqp2{rttp}r|¥ylmg¦bdlm¥fp}bdlq¨Bndgy¬
Np}w{ovg±py{ ~ gHomp ~ ¥r|uNwpsrtlvuNw¡{,nlv^lmg ~_§ nwdg ~ ¥fr|gfwBrtg ~ g{9xdtu ~ ndl«r{lq{|{|n{ ~ g.omp ~ ¥uNe2xuB{,lvr|lmuyw ~ n¡ F ¸fpN{9 ¶
wduNn{!p=Nuyw{ ~_§ p}?uy ~ uye2xpy|¥omg{ ~ gfnz{rttp}r|¥fNlvg{xuNnd!o § lmw^ygt{|lvuNw±gwYxp}|rtpywNr ~ nYx?uylmwBr!lvwl«rtlmpyo7xdtuzbdggfwnzr|lmomlm{tp}wBr
omg{9eJg{,n|g{gdpyr|g{gr9e2u ~ ¥ovlq{,¥g{¶7p=yg2ovg{ ~ gnz#rp}domg{ ~_§ lvwBr|g|x?uyoqpsrtlvuNw _xdndlq{wduNn{9p=Nuyw{g{|{tp=y¥ ~ g.tgbgfbdgf
{|¥fxpy|¥e2gfwBrRovg{RuNe2xuB{|pywNrtg{ ~ nxpytpye2cr|tg ~ g
rtgfe2x¥tp}r|ndtgy¶fovg{Rp}nzrt|g{D¥rp}wBr0Ydz¥fg{_µovgnd7^p}lmg$=pyovgnd¶gfww § nzr|lmomlm{tp}wBr
¨Bndgomg{e2g{|nd|g{eJu ~ ¥ovlq{|¥fg{¶zp=yg!omg{ ~ gnz.rtpydovg{f¬d­7g{uNe2xzr|g{¹á|gw ~ n{ ~ gg{fhJgzx¥|lmgfwg{{|uywBr ~ uywdw¥{ ~ p}w{¤omg
ap}domgpyn#¶_ovg{¦t¥{|ndovrtp}rt{xuNndo § lmw^ygf{|lvuNw ~ g{e2g{,ndtg{gfzpN6rtg{{,uNwNrtgfN|uNndx¥{¦{|ndoqpEWlmyndtg:Ly±gfrgfnd4xuNndovg{
e2g{|ndtg{e2u ~ ¥fomlq{,¥g{'{|uywBr!{,nd'oqpCWlvNnd|g5Lyd¬
£¤gfr,r|g±ª®uylq{¹ålL¶7lmowdg{|gfe(dovgxpy{9&p=Nuylm ~_§ p=sp}wBrtpyyg.e.p}¨Bnd¥±µYnzrtlvomlq{,g(ndwg{,r|psr|¥ylmg.xdomnzr yr2¨BndgHo § p}nzrt|g ®dlmgfw
{ d¶Noqp9fuye2xp}p}lq{|uyw2w § p ~ g{,gw{W¨Bndg{|lo § uNwHtgbdgtbdg'omg{uNe2xuB{|pywNrtg{ ~ n±xpytpye2cr|tg ~ gu^g³HflvgwNr ~_§ p}{|uytxzr|lmuyw96¬
£¤uNwg|wpywBrWo § lmwBNgf{,lmuyw ~ g{We2g{,ndtg{gdpyr|g{¤µxpy,rtlv ~ nHx?uylmwBr¤lmwdl«rtlmpyox|uzbdgN¶ylmo?pyxdxp}pqrW¨Bndg¦{|gfnovg!oqprtgfe2x?¥fpsr|n|g
{|uynzrtgfw^ndg    8; g{r$pyg{t{|lvdomgy¶{,lBo § uywndr|lmovlq{,g¤omp{rttp}r|¥fNlvgWbdlv¥tpytblm¨Bndg
p=yg
oqprtpydovgW|¥yndomlvc|gN¶fomg{p}nzrt|g{7uNe2xuB{|pywNrtg{w § ¥rp}wBr!xpN{'psr,rtgflmywpydomg{¬
$uyno § lmw^ygt{|lvuNw ~ g{e2g{|ndtg{e2u ~ ¥fomlm{|¥fg{f¶r|uNnzr|g{omg{$fuye2xuB{|pywBr|g{{,uNwBrxpy,ª¸pyl«rtgfe2gfwBr$|gfr|tuyndN¥fg{7p=ygWomp!rtpydovgt¥¹
Nndovlmcftgy¶spyovuNt{¨Bn § p=NgWomprtpydovge.pszlme2pyovgN¶=lvo^ª¸pynzromg{$tgbgfbdgfndwdgxp}$ndwdgx?uynd$omg{tgr|tuynygf7r|uNnzr|g{$xp}|ª¸p}lvr|geJgwBr¬
­p9rtgfe2x?¥fpsr|n|ge.pszlme2pyovgN¶zgfwfuytgndwdgª®uylq{¶z¥rtpywBrw¥p}weJuNlvw{|gfr|tuyndN¥ ~ pyw{r|uNn{'omg{'py{¬
uyn{uNwomnduyw{ ~ uNw}¶ ~ p}w{gJfpN{f¶?¨Nng9omg9dtndlvr ~ g(eJu ~ ¥ovlq{tpsr|lmuyw ~ 4µHoqp.xpytpye2¥r|tlq{|p}r|lmuyw|¥ ~ ndlvr|g ~ g9oqp.rtgfeJ¹
x?¥fpsrtnd|gg{,r2r|tuyxPlve2x?uy|rtp}wBr2xuNnd2xg|e2gfr,r|tg ~ g|gfr|tuyndNgf(ovg{9rt|uNlm{2p}py6rt¥ftlm{,r|lq¨Bndg{ ~ g{(x|u!Yom{¶
gxgw ~ p}wBr¶
omp
rtgfe2x¥tp}r|ndtg9{|uynzrtgfw^ndg   8; tg{,r|grtuynsuNndt{¦pyg{t{|lvdomgy¶grgovomg{ovg9{|uywBr!rtuynzrtg{ovg{'r|tuylq{'gwUo § p}{,gwg ~ g9d|nl«rp=ygoqpJrtpydovgt¥fNndovlmcftgy¬
$uynomgfpy{ ~ goqp({|ndx?gf ~ ¥rtuywp}r|lmuyw{,lme2xdovl,Y¥g Ffpy{=6¶zwduNn{p=yuyw{W¥Np}omgfe2gwNruNeJxp}t¥¦omg{ ~ gnz{,r|psr|¥ylmg{¤xuNnd
o § lmw^ygt{|lvuNw.gfwxp}|rtpywNr ~ n±x?uylmwBrlmwdlvr|lqp}o?xd|uzbdg¦gfwHndr|lmovlq{|pywBromg{¤e2g{|nd|g{Wgfdpy6rtg{WgreJu ~ ¥ovlq{|¥fg{¶^p=yg!ovg{ ~ gnz.rtpydomg{
~_§ lmwNrtgftxuNomp}r|lmuyw =xdndlq{$wduNn{$p=yuyw{7g{|{tp=y¥ ~ g|gbdgfbdgf{,¥xp}t¥fe2gwNr$omg{$uNeJx?uN{tp}wBrtg{ ~ nJxp}p}e2crt|g ~ gr|geJx?¥fpsrtndtgy¶
omg{pynzr|tg{¥rp}wBrPYdz¥fg{µomgfn^p}lmg(spyovgnd¶_gw#w § nzrtlvomlq{|pywNr¨Bndg2omg{e2g{|ndtg{e2u ~ ¥fomlm{|¥fg{f¶Rp=Ng(ovg{ ~ gfnz4rtp}ovg{f¬R­7g{
fuye2xzr|g{¹átgfw ~ n{ ~ gg{gzx?¥ftlvgwg{¤{|uywBr ~ uNwdwd¥{ ~ pyw{¤ovgapydomgp}nYd¶Bovg{Wt¥{|ndovrtp}rt{x?uyn¤o § lmw^ygt{|lvuNw ~ g{¤e2g{|ndtg{
gfzpN6rtg{'{|uywBr'|gytuyndx?¥{{|nd'ompCWlmyndtgyJgr!gnzx?uyn'ovg{eJg{,n|g{eJu ~ ¥ovlq{|¥fg{'{|uywBr!{|nd'ompCWlmyndtgdy¬
­p{rttp}r|¥ylmg ~ lm|g6r|g{,g¦e2uywBr|tggfr,rtg!ª®uylq{,¹áflxdomnzr}r¤x?gf|r|n|?¥fgp=yg!omprp}domge.p}^lme.p}omgXWlmyn|g{Wygry¶BgfwHpy{
µ ~ tuylvr|g6¬
­7uy{ ~ gJo § lmwBNgf{,lmuyw ~ g{¦eJg{,n|g{gfzpN6rtg{µHxpy,rtlv ~ n4x?uylmwBrlmwdlvr|lqp}o$xdtu^bgy¶oqp±r|gfe2x?¥fpsrtnd|gJ{,uNnzr|gw^ndg   8'; w § p¥fr|¥p}xdxdtuzbd¥fg¦¨Nng¦x?uyndoqp9{,r|psr|¥ylmg ~ lmtg6rtg¦p=Ng'oqprp}domgt¥fNndomlvc|gN¶}r|uNnzr|g{ovg{¤pynzr|tg{uNeJx?uN{tp}wBrtg{w § ¥frtp}wBrxpy{ ~ n
rtuynzr!tgrt|uNndy¥g{¬
£¤uNwg|wpywBromg{e2g{,ndtg{!eJu ~ ¥ovlq{|¥fg{¶zoqpJr|gfe2x?¥fpsrtnd|g{|uynzrtgfw^ndg   8'; gr!omg ~ ¥foqp}l  {|gfe9ovgwNrpNffg{t{,lmdomg{xp}omp{,r|psrt¥fylmg!bdlm¥fp}bdlq¨Bndgp=ygovg{ ~ gfnz2rtpydomg{¶Bpylvw{|lD¨NngxpyWoqp9{,r|psr|¥ylmg ~ lm|g6rtg¦p=ygomprtpydovg¦|¥yndomlmcftg¨Bndl ~ uywdwdg ~ g
xdomn{oqpH^l«rtg{t{,g ~ nYª®tuywBr ~ gJ{|ndx?gf ~ ¥rtuywp}r|lmuyw  #" ®e.p}omyt¥9oqpHxdt¥{|gfwgx?uN{t{,lmdomg ~ g(e2lvwdlme.p±omuzfpynz]6¬D­Ruy{t¨Nn § govomg{
{|uywBrtgbdgtb¥fg{{,¥xp}t¥fe2gfwBr¶dovg{flvw¨fuye2xuB{|pywBr|g{ ~ nUxpytpyeJcfr|tg ~ grtgfe2x¥tp}r|ndtg9{|uywBrxpy,ª¸pyl«rtgfe2gfwBrtgrt|uNndy¥g{
p=Ng¦ovg{ ~ gfndHrtpydovg{f¶{|pynzªx?uynd'oqp2^l«rtg{t{,g ~ nª®tuywBr ~ g{,nxg ~ ¥fr|uNwpsrtlvuNw  #" p=Ng¦omp(rp}domg|¥yndomlvc|g 

uyn{uNwomnduNw{ ~ uywx?uynd'fg¦rt|uNlm{|lmcfe2gpy{¨Bndgovgdtndlvr ~ geJu ~ ¥ovlq{tpsr|lmuywg{,r'gfwfuytgxdomn{lmeJx?uy|rtpywBr'¨Bndg ~ pyw{
omgpy{9xd|¥¥ ~ gfwBr¶gr.¨Bndg±oqpYrtgfe2x?¥fpsr|n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'omgeJu ~ covg6¬
­7gbduylv ~ goqp2xp}p}e2¥fr|tlm{tpsrtlvuNw±t¥ ~ ndlvr|g ~ gompJrtgfe2x¥tp}r|ndtgp2|gxuB{,¥gw{,nl«rtg{,ndompJtgfe.p}¨Bndg{,ndlmsp}wBr!oqpy¨Bndgfomomgy¶
x?uyndgx|uNdovce2gy¶domg{xd|u!Yoq{ ~ grtgfe2x¥tp}r|ndtgxdt¥{|gfwBrp}lmgfwBr ~ g{'ª®|uNwNr{¨Bndlp==pyw©fpylvgwBr'µ ~ lvNgf{,g{'^l«rtg{t{,g{'gr¦¥fygwz¹
rtndgfomovge2gfwBr2pyxdxpytpylm{t{|pylvgwBr9p}n°fuynd{ ~ n°r|geJx{f¬ N¦gHr|gom{Jxdtu%Yom{9xuNndsp}wBr ^fr|tg±^n{JuNeJe2g{,uNovnzrtlvuNw{ ~R§ ndwgomuyl ~ g
fuyw{|gftspsr|lmuyw {tfpyompylvtgy¶Rwuyn{(p=yuyw{xdtuyx?uN{|¥ ~ gHxpytpye2¥r|tgf9omprtgfe2x?¥fpsr|n|gHxp}9nwdgHrtgfomovg¥¨BnpsrtlvuNw b^Bx?gft?uyomlm¨Bndg
~ g(|¥pyr|lmuyw}p ~ Ng6rtlvuNw zovg{ ~ gfyt¥{ ~ g9omlv?gf|r|¥J¥rp}wBromg{fpytpN6r|¥|lq{,r|lq¨Nng{xdtlvwlmxp}omg{ ~ g9oqp±fuyw ~ lvr|lmuyw4lvwdlvr|lqp}omgy¶ ~ g(omp
fuyw ~ lvr|lmuywµomp9ovlme2l«rtg¦µBp}nbg!gr ~ g{Wª®uywr|lmuyw{WlvwBrtgftygfwp}wBr ~ pyw{omg{Wr|g|e2g{ ~_§ p ~ Ng6rtlvuNw.gr ~ gt¥pN6r|lmuyw7¬B£¤gfoqpwduNn{
p±¥fNpyovge2gfwBrx?gfteJlq{ ~ g9Npyywdg!ndw4ª¸py6rtgfnd ~ g(¨Bndgom¨Bndg{!e2lmovomlvgt{{|ndoqp ~ lme2gfw{|lmuyw ~ nUxp}p}e2crt|g ~ gr|ge2x¥tp}r|ndtg

=py ~ pywBrµo § g{|xdtl«r¨BndgJwduyn{ ~ g^lvuNw{ ~ ¥ftlvNgfgfr,r|gJxpytpyeJ¥fr|tlm{tpsrtlvuNw ®x?uynomg{?g{|uylmw{ ~ gJo § p}wpyovz{|g ~ gJ{|gfw{|lmdlvomlvr|¥
gfr ~ gHo § lmw^ygt{|lvuNw 6¶7wduyn{9p=yuyw{bduylq{,lWovgH{tbd¥fe.pw^nde2¥ftlq¨Nng.ovgHxovn{({,lme2xdomgHxuNndt¥{|uyn ~ |g2oqpYovuNl ~ g±fuyw{|gftspsrtlvuNw
 ~ gJrBx?g =u ~ ndwdusD¶_{|pyw{omlmeJlvr|gnd ~ gJxgwBr|gY¬R­7p ~ l Z?n{|lmuyw4w^nde2¥|lq¨Bndg(lmwBr|tlvw{,c¨Nng(µg2{|bd¥e.p ~ n#xdtgfe2lvguy ~ |g
x?uyndspywNr ^fr|tguNwNrt Nov¥gxp}'o § pyndye2gwNrpsrtlvuNw ~ goqp2t¥{|uyomnzr|lmuyw{,xpsr|lqp}omgy¶zo § nzr|lmovlq{tpsr|lmuyw ~_§ ndwdg2£ W­ {|uyn{¹áuyxzrtlve.pyovggr!omg
|tgfn{|gfe2gwNr J~ gJompª®uNw6rtlvuNw ~ n#r|g|e2g ~ g(r|p}w{|xuN,r{|uyn{{tp{|¥p}wBr|gN¬R£¤gxgw ~ pywNr¶DompxpytpyeJ¥fr|tlm{tpsrtlvuNwY|¥ ~ ndlvr|g ~ n
fuBgf³HlmgfwBr ~R§ py{,uN|xdr|lmuyw xpy9lmwNrtgftxuNomp}r|lmuyw°{ § g{,r(t¥fy¥ov¥gHgdpNgft?gf9omgª¸p}lmdovgovlq{t{|pyyg ~ ¯µUoqp ~ l ZDn{,lmuywPw^nde2¥ftlm¨Bndg
t¥{|l ~ ndgfomovg¥rp}wBrpylvw{,lµHo § uN|lmylmwdg ~ g9ª®uy|r|guB{|flvomomp}r|lmuyw{ ~_§ p}e2xdoml«rtn ~ g ~ g9o § uN ~ tg ~ gJgfomomg ~ n4|ndlvr ~ g(e2g{|nd|gE®e.p}lq{
fg!dtndl«r ~ g!e2u ~ ¥fomlm{tpsrtlvuNw2¥rtpywBr¤uN|t¥fom¥y¶slmog{rW?gpynuNndx.xdomn{e2¥bp}wBrx?uynd¤o § lvw^Ngf{,lmuyw ¬N£¤gfoqpp ~ uNw'xpy,rtlvgovomgfe2gfwBr
ª¸pyn{|{|¥o § p}wp}om^{|g ~ g{,gw{|lvdlmoml«rt¥gfw ~ ¥fNgfomuyxdxp}wBr¶^xpy'gzgfe2xdomgy¶do § lvw(_ndgfwfg ~ gompJ^lvr|g{t{|g ~ nª®tuywBr'xdtlvwlmxp}oL¬
­7g{ ~ ¥ftlvN¥fg{ ~ g{ ~ l ZD¥ftgfwBrt{¤e2u ~ ndomg{ ~ gomp9eJu ~ ¥ovlq{tpsr|lmuyw ~ lvtgr|guywBr¤¥fr|¥sp}oml ~ ¥g{¤xp}¤r|g{r'p}nd ~ l ZD¥ftgfwfg{Ywdlmg{¶
~ uNwdwpywNr!pylvw{|lRndw{|lvNwdgª®uy|r{,nd'oqp¦n{,r|g{t{|g ~ govgnd'lve2xdom¥fe2gwNrpsrtlvuNwR¬
­ § pywp}omz{,g ~ g{,gw{|lvdlmoml«rt¥pY¥fr|¥±e2gwd¥fgxuNnd9oqpUe2u ~ ¥fomlq{|p}r|lmuyw ~ lm|g6rtg±uNeJxovcfr|g±lmwBr|¥yp}wBrovg{9xp}p}e2¥rt|lq{|p}r|lmuyw{
t¥ ~ nl«rtg{ ~ g{9¨BnpywBr|lvr|¥{xdb^^{|lq¨Nng{¶RompU|¥{,uNovnzrtlvuNw ~ gHo § ¥¨Nnpsr|lmuyw ~ gHr|p}w{,ª®gf|r9p ~ lqpsrtl«ª'p}lmw{|l¤¨Bndg.oqpYxuNw ~ ¥tp}r|lmuyw ~ g
bpN¨BndgeJg{,n|g ~ gª¸pN©uywlmwBNgf{,ge2gfwBrx|uNxuN,rtlvuNwdwdgfomomgµJndwdgg{rtlve.p}r|lmuyw ~ go § lmwg,rtl«rtn ~ gª®uyn|wdlmgxp}'omg9£¤&=J¬
£¤gfr,r|gp}wpyovz{|g±pUfuye2xuN,rt¥ ~ gnz¡py{|xg6rt{¬ N § ndwdgxp}|r¶o § p}wp}om^{|g.omu^p}omg±xpy ~ ¥uNeJx?uN{|lvr|lmuyw gfw°=pyovgnd{9{|lvwdNnz¹
omlvc|g{ ~ g.oqpe.p}r|tlmfg¦,pNuNdlvgwdwdg ~ g{ ~ ¥ftlvN¥fg{ ~ g2ompe2u ~ ¥fomlq{|p}r|lmuyw ~ lvtgr|gy¶¨Nnlpxg|e2lq{ ~_§ l ~ gwNrtl6Ygfomg{ ~ lmtg6rtlvuNw{
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xdtlmwlmxp}omg{ ~ n¯{|z{rtcfe2gy¬

r ~R§ pynzr|tgxp}|r¶$omgr|py¥ ~ n tl«rtcftg ~ g{2e2uylmw ~ tg{2p}t|¥{({|nd.ndw {,gye2gfwBruylmywp}wBrJomg
x?uylmwBrlmwdlvr|lqp}o$µHndwdgJp}xdx|u=zlme2p}r|lmuyw ~ n4xuNlvwBr¦uNxzr|lme.p}oL¸¨Bndl$w § g{,rfuywdw^n ~ g9ª¸py©fuywUgfzpN6rtg(¨Bndg9x?uyn ~ g{e2g{,ndtg{ ~ g
omnde2lvwp}wfg{{,^wBr|bd¥fr|lq¨Bndg{¦lm{t{|ndg{¦xdt¥lq{|¥fe2gfwBr ~ g9oqpHe2u ~ ¥fomlm{tpsrtlvuNw ~ lm|g6rtg(uNe2xdovcfr|g!¨Bndl ~ uywwdg9ndwg(lmw ~ lqfp}r|lmuyw4{|nd
omguNeJx?uy|r|ge2gfwBr'yomuypyo ~ gompJe2u ~ ¥fomlm{tpsrtlvuNwR¬
­p°uNwomn{|lvuNw[xdtlvwlmxp}omg ~ g´gfr,r|g&¥rtn ~ g&g{,r¨Bndg&ovg{±xp}p}e2¥rt|lq{|p}r|lmuyw{Hxd|uNxuB{,¥g{{,uNwNryomuypyovge2gfwBrxdomnzr}r
x?gf|r|lmwdgfwBrtg{xndlm{t¨Bndgy¶uNeJxdr|g.rtgfw^n ~ gHoqpr|tc{ª®uy|r|g ~ lme2lvw^nzrtlvuNw ~ gHoqp ~ lme2gfw{|lvuNwR¶7omgHe2u ~ cfomg±fuyw{|gftyg2ndwdg±uNwdwdg
{|gfw{|lmdlvomlvr|¥xpy'tpyxdx?uy|rp}nz ~ gfN|¥{ ~ govlm?gf|r|¥tg{,rtpywNr{f¬£¤gomp.{|lmywdl,Yg¨Bndgomg{'xpytpye2¥r|tlq{|p}r|lmuyw{t¥ ~ ndlvr|g{'w § uyndovlmgfwBr
xpN{ ~ g.fp}pyr|¥|lq{rtlm¨Bndg(lve2x?uy|rtpywNrtg ~ g{xdtu%Yoq{ ~ gJr|gfe2x?¥fpsrtnd|gJgr ~ g2u^gf³.flvgwBr ~R§ py{,uN|xdr|lmuywUe2uywu^b|uNe2p}r|lq¨Bndgy¶
gfr ~ uNwH¨Bndgomp4e2p}gfndtgHxpy,rtlvg ~ g±o § lvwzª®uN|e.p}r|lmuyw¡uNwBr|gfw^ndg ~ p}w{(omg{(eJg{,n|g{ ~ govnde2lmwp}wg{(g{,rJpNffg{t{,lmdomgHxuNnd
o § lmw^ygt{|lvuNwR¬}!uNn{Wp=Nuyw{eC^fe2g!tgfomgfN¥y¶ ~ p}w{fgf|rtpylvw{Wfpy{¶}ndwg!uyw^Ngzl6Y?fpsrtlvuNw ~ nHtl«rtcftg!¨Nnlzª¸p=yuN|lq{,go § lmw^ygt{|lvuNw(xp}
rtgbdwdlq¨Bndgomu^p}omg ~ grBx?g ~ g{|fgfwBr|gN¬
omn{'x|¥lq{,¥eJgwBr¶^o § p}wp}om^{|gp(t¥fN¥fom¥ FuNw(YteJ¥ ¨Bndgovg{e2g{|nd|g{ ~ govneJlmwpywg¥rp}lmgfwBr'y¥wd¥fp}omgfe2gfwBr'{,n,rtuynzr
{|gfw{|lmdovg{µ2oqp.sp}omgfnd ~ nYxdoqpsr|gp}nxdtlvwlmxp}o ®sp}omgfnde2p}zlve.p}omg ~ pyw{!omg9fpN{y¶=pyovgnd¦{|uyndr|gfw^ndg ~ p}w{'omg{!r|tuylq{!p}ndr|tg{
py{6¬zwxdt¥{|gfwfg ~ g{,ndx?gf ~ ¥fr|uywpsr|lmuyw ¸py{U=Jgr'h¶doqp9^lvr|g{t{|g ~ nª®tuywBr'xdtlvwlmxp}oDg{,r!lmwuNwdw^ndg¦gfr!gfomovgpJ¥fBp}omgfe2gfwBr
ndwg'r|tc{ª®uy|r|g'lmw(_ndgwg{|nd¤ovg{
e2g{|nd|g{f¬^£¤gr,rtg!ª®uN,rtg!{,gw{,lmdlmovlvr|¥g{,r¤p}|r|l,Ylmgfomomgy¶}govomg!g{,rWomlv¥¦µompx|¥{,gwgN¶yp}|r|l,Ylmgfomomgy¶
~_§ uN{tlmomomp}r|lmuyw{xpytpN{,lvr|g{ ~ pyw{omg{e2g{|ndtg{ ~ govneJlmwpywg{f¬(N § ndwx?uylmwBr ~ g^ndgNovuNp}oL¶zgfoqp(g{,r'pN{|{|uzlm¥µ(oqp(x|¥{,gwg
~ g9wduye(d|gnze2lmwdlme2pHovuzfpynzx?uyn!ovg(tl«rtcftgµ2eJlmwdlme2lm{|gf¬$uyn!ovg(fpy{!y¥fw¥ftlm¨Bndg ¸py{h6¶omp.xovn{!ª®uy|r|g{|gfw{|lmdlvomlvr|¥
g{r(pN{|{|uzlm¥fg.p}n ~ ¥ompyl ~_§ p}xxp}tl«rtlvuNw ~ gHompY{|ndx?gf ~ ¥rtuywp}r|lmuywR¬$£¤gfoqpY{,lmywdl,YgN¶7¨Bn § gw xdt¥{|gfwfg ~ gHdtndlvr¶RlmoW´pxgn ~ g
bpywg ~ gx?uynyuylm|gfr|tuyndNgfovg{!p}ndr|tg{fpytpN6r|¥|lq{,r|lq¨Nng{ ~ g{x|u!Yom{ ~ gr|gfe2x?¥fpsrtnd|gN¬
­ § lmw^ygf{|lvuNwHp¥rt¥¦t¥pyovlq{|¥fg!xpy¤oqpe2lmwdlmeJlq{tpsr|lmuyw ~ g¦o § gft|gnd ~ g{eJuNlvw ~ |g{¤p}t|¥{
gfwBrt|g¦ovg{¤e2g{,ndtg{ ~ govnde2lmwp}wg
p}oqndom¥fg{Wxpyovge2u ~ cfomg¦gfromg{e2g{|ndtg{µ9tgfxdtu ~ ndlm|g¸¨Bndl_x?gfndNgfwBr¥NpyovgeJgwBrp=yuNlv¤¥rt¥p}oqndom¥fg{Ww^nde2¥ftlq¨Nngfe2gfwBr¬
­ § pyovNuytl«rtbde2g ~_§ uyxzrtlve2lq{|p}r|lmuywR¶lvwBr|¥yt¥Wµ'oqp'?u qr|g¤µ!uynzrtlvoq{ ,uyxdr|lmeJlq{tpsr|lmuyw 
~ g    R¶g{,r ~ g
r^x?gWt¥fNlvuNw ~ g¤uNw(Ypywg
p=Ng¦yg{,r|lmuyw ~ gfuywBr|p}lmwBr|g{ ~ g?uytwdg{¬
­7g{t¥{|ndo«rpsr{wBneJ¥|lq¨Bndg{ ~R§ lmw^ygf{|lvuNw#uNw(Yte2gfwBrovg{uNwomn{|lvuNw{ ~ g.o § p}wp}om^{|g ~ gH{,gw{|lvdlmoml«rt¥y¬Rw´xdt¥{|gfwg ~ g
dtndlvr¶slmozw § g{,r$xpy{tpylm{|uywwp}domg ~_§ g{|x?¥ftgf$|gfr|tuyndNgfxdovn{
¨Nng¤oqp=pyovgnd ~ n9xomp}r|gpyn(x|lmwlmxpyo ~ gWrtgfe2x¥tp}r|ndtg òr|uNnzrp}n
e2uylmw{¤p=ygomg!e2u ~ cfomg!pyr|ndgoa¬y
p}WfuywBr|tgy¶yxuNnd ~ g{e2g{|ndtg{
wduNw2d|nl«rt¥fg{ ~ uNw ~ pyw{
o § lme.p}yg ~ g!ompe2u ~ ¥ovlq{|p}r|lmuyw ¶
lmoRg{,r'xuB{|{|lmdovg ~ gtgrt|uNndygbpN¨Bndgfuye2x?uN{tp}wBr|g{,¥xp}t¥fe2gwNr
®omg{'pynzr|tg{¥frtp}wBr!uNwdw^ndg{µJxp}|r|lm ~_§ nwdgg{,r|lme.psr|lmuyw
lmwdlvr|lqp}omg9xpN{'r|tuyxY¥ovuNlvNwd¥fgN¶g(¨Nnlg{r!rtuynzr ~ g9eC^eJg9xdovndr }rgfwfuyndp}NgpywNr¶zgre ^e2g ~ g9omg{|gfr|tuyndNgf'NovuNp}omgfe2gfwBr
~ pyw{omg{!py{'{|lve2xdomg{gr¦d¬
­ § ¥fr|n ~ g2uNw(Yte2g(¥Np}omgfe2gwNr¶?¨Bn § gfw&fpN{ ~ g ~ lv³Hndovr|¥{f¶_ndwgJ{,r|psrt¥fylmg ~R§ uNxzr|lme2lm{tpsrtlvuNwUuynd^p}wBr¦x|uNytg{t{,lmygeJgwBr
omg{ ~ gyt¥{ ~ govlmg,rt¥xd|u ~ nl«r2ndwdgY{|uyomnzr|lmuywPxdovn{2|¥yndomlvc|g¨Bndg{ § lvoq{2{,uNwNrJr|uNn{JuyndNgf|rt{ ~ c{Jomg ~ ¥fdndr¬¤£¤gfoqp&p4¥fr|¥
N¥ftl6Y¥!p=Ngoqptgbdgtbdg ~ gomprp}domg ~_§ lvwBrtgftxuNomp}r|lmuyw2xuNndWoqpy¨Bndgovomg!oqp{rttp}r|¥ylmg'bdlv¥tpytblm¨Bndg'pfuyw{|lm{,r|¥!µtgbgfbdgf
~_§ p}?uy ~ ndw°ª¸py6rtgfnd ~_§ p}e2xdoml«rtn ~ g±x?uyn(ndwgHª®uyte2g±pYxdtlmuytl ~ gomprp}domgxdndlq{(µUg{,r|lmeJg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